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an  activity  to  increase^  the  accessibility  of 
military-developed  curriculum  materials  to 
vocational  and  technical  educators. 
•  ,  / 
This  project,  funded  by  the  U.S.  Office  of 
Education,  includes  the  identification  and 
acquisition  of  curriculum  materials  in  print 
form  from  the  Coast  Guard,  Air  Force, 
Ai.uy,  Marine  Corps  and  Navy. 

Access  to  nilitary  curriculuni  material^  is 
prov^de:i  through  a  "Joint  Memorandum  of 

*  Understanding"  between  the  U.S.  Office  of 

*  Education  and  the  Department  of  Defense, 

The  acqi^d  ftiaterials  are  reviewed  by  staff 
and  subject  matter  specialists,  and  courses 
deemed  applicable  to  vocational  and  tech- 
nicat  education  are  sdJected  '^r  dissemination. 

The  National  Center  for  Research  in 
VcTcational  Education  ts  the  U.S.  Office  of 
Education's  designated  representative  to 
dcc^uire  the  materials  and  -tonduct  the  project 
activities. 

Project  Staff: 

vV^sley  E.  Budke,  Ph.D.,  Director 
National  Center  Clearinghouse 

Shirley  A.  Chase,  Ph.D, 
Project  Director  , 


One  hundred  twenty  courses  on  microfiche 
(thirteen  in  paper  form)  and  descriptions  of 
.each  have  been  provided  to  the  vpcational 
Curriculum  Coordination  Centers  and  other 
instructional  materials  agencies  for  dissemi- 
nation. 

Course  rriaterials  include  prograrnmed 
instruction,  curriculum  outlines,  instructor 
guides,  student  workbooks  apd  technira! 


Contact  the  Curriculum  Coordination  Center 
in  your  region  for  information  on  obtaining 
materials  (e.g.,  availability  and  cost).  They 
will  respond  to  your  request  directly  or  refer 
ypu  to  an  instructional  materials  agency 
closer  to  you. 
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»     -■  i   :  

^  Course  Descriptioft. 

/V  ^ 

The^ iadtructional  design  for  this  course  is  self-paced  and/or  small  group  paced.  This 
cpur3e  trains  personnel  to  perlorm  duties  as  an  Aircraft  Environmental  Systems  Mechanic. 
It  includes  organizational  and  field  mainlenance  of  aircraft  pressurizat ion,  air  conditioning, 
rnd  air  starter  systems,  and  life  raft  inflation  equipment. 

Block  I    -    Fundamentals  contains  24  lessons  requiring  115  hours  of  instruction. 

These  are:     safety;  aircraft  familiarization;  , physics;  electron  nh^pry;  ^ 
magnetism;  DC  generation  and  basic  circuit  a^^boli.  and  terms;  wiring 
diagram  f undainentals;c  control  and  protective  devices;  multimeter;  fCirchoff 's 
current  law;  Kirchoff's  voltage  law;  Ohm's  law;  series  circuits;  parallel 
circuits;  series-parallel  circuits;  switching  cirtuits;  DC  motors  and 
control  circuit;  temperature  control  circuits;  alternating  current; 
capacitapce;  inductance;  AC  motors  and  control  circuits;  solid  state 
devices;  magnetic  amplifiers;  and -trainer  aircraft  air  conditioning  system. 

BlocK  II        -    Air  Conditioning  Systems  cSn^ists  of  8  I'essons  convering^  124  hours  of 
instruction.    These  are:  fighter  calfin  air  conditiorfing  system;  rain 
>  •  reir^sral  system;  equipment  air  conditioning  system;  temperature  control 

"  system  tester ; vbomber  air  conditioning  system;  decade  resistor  funccions  and 
windshield  amplifier  bench  check;  cargo-bleed  air  and  anti-icing  system; 
and  c^rgo  air  conditidoing  system.  ,     ^  .  ^ 

Block  III      -    Aircraft  Environmental  Systems  Pnits  containg  13  lessons  cov^r  ?.ng  102 

hours  of  instruction.    These  are  the  following:  tools,  hardware,  safetying  .\ 
devices,  and  wire  repair;  maintenance  of  moisture  separators;  maintenance 
of  blefed  air  distribution  ducting;  air  turbine  motor    maintenance;  turbine 
refrigeration  devices;  advance^!  fighter/bomber  air  source  control  system; 
.  advanced  fighter/bomber  air  conditioning  system;  advanced  fighter/bomber 
windshield  clearing  system; 'maintenance  of , ^ir  control  units;  anci-G 
suit  system;  canopy  seal  system;  pressurization  Systems;  and  cabin  pressure  '  . 

I  ^^akage  check.  "  . 

Block  IV  '     -    Utility  Systems  and  Flight  Line'  Maintenance  consists  of  9  lessons  requiring 

U4.5  hours  of  instruction.     These  lessons  are  entitled:  gaseous  O2  systems; 

liquid  O2  systems;  liquid  refrigeration  systems  and  components;  inspection 

maintenance  of  O2  systems  (liquid);  cryotainer  systems'  maintenance ;  lifetaft 

inflation  equipment,  fir^  extinguisher  system  maintenance ;  flight  lin^^ 

maintenance.-  inspections;  and  flight  line  maintenance;  removal  and 

replacement  of  system  components. 
« 

This  course  contains  both  teacher  and  student  materials.     Printed  instructor  materials 
include  plans  of  instruction  detailing  training  equipment  needed,  training  methods, 
•  ^multiple  instructor  requirements  and  instructional  guidance.    The  student  material 
includes  woikbook,  and  programmed  textj  with  review  exercises.     A  bibliography  and 
glossary  of  teims  have  been  provided  t^o  aid  both  the  instructor  and  the  student. 
In  Blocks  I  and  III,  lessons  on  Orientation,  Security,  Progression  in  Career  Field,  • 
Maintenance  Management,  and  the  Technical  Order    Publicatic?%s  Systems  have  been  ^ 
deleted  because  of  military  specific  materials. 
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FOREWOKI 

This  programmed  text  waa  prepared  for  use  in  the  3ABR42331 
instructional  system.    The  materials  contained  herein  have  been 
validated  using  students  enrolled  in  the  3ABR42331  course.  Ninety 
percent  of  the  students  taking  this  text  surpassed  the  criteria 
called  for  in  the  lesson  objective.    The  average  student  required 
3.5  hours  to  complete  the  text. 

OBJECTIVES 

1.  Associate  each  bleed  >ir  System  component  with  itc 
operation  with  a  minimum  of  807  accuracy. 

2.  Select  safety  precautions  tnat  are  applicable  to  the 
maintenance  of  bleed  air  systems  without  error. 

INSTRUCTIONS 

(  - 

This  text  presents  information  in  small  steps  called  "frames." 
After  each  fraJk  you  are. asked  to  respond  by  completing  a  statement. 
R^ad  each  frame  carefully  before  responding.    The  answers  to  the  . 
statements  for  each  frame  are  located  on  the  top  of  the  nexl:  frame. 
If  you  select  the  correct  answers,  continue  to  the  next  frame-.  If 
you  are  iacorr^ict,  read  the  material  again  and  correct  your  answers 
before  conti^iui^g. 
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Frame  1 

In  previous  leesons  you  learned  the  trainer  type  aircraft  air 
conoitiotilng  syateitii.  *  You  should  recall  that  the  air  used  for  air 
couditicning  came  from  the  jet  engine. 

V  •  ■ 

Do  50u^remesl)er  what  to  call  the  air  that  was  tapped  from  the, 
jet  engines?    Yes,  it's  cabled  ^'engine  bleed  air  J'  - 

You  should  keep  in  mind  that  engine  bleed  air  is  an  extremely 
hot,  high  '|>vd08ure  air.    The  actual  temperaci.\re  and  pressxire  will 
depend  on  th«  engine  throttle  setting  and  ambienc  air  'temperature. 

The  temperature  can  range  from  close  to  500  F  to  900  F  and  the 
pressure  from  close  to  100  to  250  psi.      ^  ' 

Engine  bleed  air  as  a  rule  is  taken  from  the  ladt  stage  of  engine 
^     compression.    Keep  In  mind,  the  number  of  stages  of  compression  will 
vary  with  the  different  Jet  engines. 

On  the  fighte]?  aircraft  that  is  used  as  an  example  in  this  lesson, 
the  bleed  air  1^  tapped  from  the  17 ^h  stag    of  compression.    Thlf  Is 
the  last  st^ge  of  compresci^n  on  this  engii.^. 

i.^11  in  the  blanks  to  complete  the  fbllowing  statements. 

# 

1.  "    The  air  tapped  fro5?  the  jet  engine  is  called  

/  air. 

2.  The  pressure  and  temper.iture  of  the  engine  bleed  air  depends 
on  the  engine  ^_  


3  12 


2.    throttle* set ting 


Answers  to  ^xm^  1:    1.    engine  bleed 


Frame  2 


Engine  bleed  air  13  used  for  several  purposes  on  the  altcraft. 
It  Is  used  to  alr-condlticyn  the  cockpit,  cool  the  electronic  equipment, 
keep  the  windshield  clear  of  raJ.n,  and  aid  In  aircraft  control  through 
the  boundary  layer  control  system. 

When  the  engines  are  running,  bleed  air  is  suppliel  to  the  cabin 
air  coaditionlng  system,  equipment  air  conditioning  system,  and  to  the 
boundary  layer  control  CBLC)  system,    ^«ch  of  f-hese  systems  has  a 
shutoff  valve  to  control  the  bleed  :.ir.    You  will  learn  how  the  bleed 
air  Is  used  in  each  of  these  systec^  in  future  lessons. 

Figure  1  shows  the  bleed  air  system.    The  air  is  tapped  from  the 
17th  stage  of  compression  on  eacb^  of  the  tvo  engines  and  is  directed 
into  one  duct*    From  there  it  is  distributed  to  each  of  the  systems. 

Follow  the  path  of  airflow  in  figy^e  1  froni  the  engines. 


Fill  in  the  blank;. 


coiqplete  the  following  statements. 


The  air  used  for  air  conditioning  is  tapped  from  the 


stage  of  engine  compression. 


The  boundary  layer  control  system  receives  air  fro^  the 
   system.  \ 


Engine  bleed  air  is  used  for  removing  rain  from  the 
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NOTES 


COMPONENT  OF  BOUNDARY  UYER  CONTROL  SYSTEM. 
COMPONENT  OF  ENGINE  BLEED  AIR  SYSTEM 


%J 


RAIN 
REMOVAL 
V/LVE 


Figure  2.    Bleed  Air'^ystem  Schematic. 
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Anw«r&  to  Praae  2:    1.    17th       2.    engine  bleed  air     3.  vlndshleld 

Frame  3 

On  this  aircraft,  bleed  air  is  supplied  by  two  engines.  Ched^ 
valvM  are  used  to  prevent  loss  of  bleed  air  if  one  of  the  engines  is 
inoperative.    ReaeiA^ert  check  valves  allow  airflow  in  o^^  direction 
onl>,  or  we  can  say,  they  prevent  a  reverse  flow  of  air* 

Notice  the  check  valves  in  figure  2.    In  this  system  there  i$ 
one  check  VaJve  for  each  engine.'    These  are  flappei  type  check  valves, 
similar  to  those  used  in  the  trainer  aircraft  air  conditioning  system. 

*  • 
Air  flowing  in  one  direction  will  open  the  flappers,  but  airflow  ' 
in  the  opposite  direction  will  force  the  flappers  ,to  close.  Check 
valves  normally  have  an  arrow  stamped  on  the  body  of  the  valve  to 
Indicate  the  direction  of  airflow. 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.      Loss  of  air  through  an  xnoperativ^  engine  prevented  by  a 


2.      The  check  valves  arje  opened  by 


Aaswers  to  Frame  3:    1.    check  valve        2.    air  pressure 

K  # 

Frame  4 

Read  each  statement  below  then  njark  each  one  T  (true)  or  F  (false) 

 ^1.     Engine  bleed  air  is  tapped  off  the  17th  stage  of  compression 

on  both  the  lefc  and  right  engines.  >  -  *  • 

2 .  Check  valves  allow  bleed  air  to  flow  out  of  the  engf.aa 
compressor,  and  $lao  prevent  a  reverse  flow  of  air  into  an 
Inoperative  engine. 

3.  The  arrows  on  the  check  valves  indicate  the  direction  of 
•  airflow.  ^ 

 ^4.     The  check  valves  are  opened  by  spring  tension. 

\ 

 ^5.     The  engine  bleed  air  system  supplies  hot,  high  pressure  air 

to  the  boundary  layer  control  system,  equipment  refrigeration 
I,  and  the  cabin  refrigeration  unit. 
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Answars  to  Frame  4j       T    1»       T    2»       T    3.       F   4.  .    T  5. 

^  Frame  5 

From'  th€  mgliHis;  tha  bleed  air  ia  routed*  throtigh  ducting  to  the 
dlffer&t  aytttffle.    The  ducting  ia  made  up  of  short  sections  connected 
together  with  duct  couplings. 

»  • 

Short  sections  of  ducting  ^re  used  to  .make  it  possible  to  remove 
and  reinstall  the  du&ta  for  maintenance. 

Figura  3  shows  piirt  of  the  bleed  air  ducting.    The  small  arrows 
point  to  some  of  the  many  couplings  used  to  hold  the  sections  z£ 
diicting  together. 

The  duct  sections  are  made  of  a  stainless  steel  alloy  vhich  c^n 
wxthatand  extremely  high  temperatures. 

The  walls  of  the  duct  sections  can  be  ma^4e  very  thin,  therfeby 
saving  w*i^t.    For  this  r^iasot  they  have  to  be  handled  with  care.  A 
dent  orlicratdh  veil  weaken  the  duct  and  can  cause  it;  to  crack.  This 
will  result  in  a  hot  air  leak,  or  rupture  of  the  ducting/ 

Hot  air  leaks  are  very  dangerous  on  aircraft  as  ^he  hot  air  can 
bum  the  electrical  wiring  which  can  cause  system  failure,  .Ignite 
flammable  ^teriaJs,  or  soften  or  b.um  through  structural  members. 
In  some  cases,  total  engine  failure  and  lobs  of  flight  control  has 
occurred . 

Fill  in  the  blanks  to  cot^^lete  the  following  statemehts. 

1.     Duct  section^  are  held  together  by    g  , 


2.  Engine  bleed  air  ducting  is  made  of  :  alloy. 

3.  To  make  it  possible  to  remove  and  reinstall  engine  bleed  air 
ducting  with  ea^e,  the  ducting  is  made  in     . 


4.      Oni  precaution  to 'observe  when  maintaining  the  bleed  air 
system  is  to  handle  the  with  care. 
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Answers  to  Frame  5: 


1.  ductr  couplings 
3.    sliOrt  sections 


2 .  •  stainless  steel 
4.  ducting 


Frame  6 


Most  or  the  stainless  steel  duct,  sections  are  rigid.    For  this 
reason  t  means  Is  nee^^O^hlch  will  allow  for  variations  In  duct 
length  and  ^or  movement  of  the  ducts. 

The^duct  length  will  change  with  temperature  changes.  Increases 

In  temperature  will  cause  the  duct  to  expands  This  Is  called  thermal 
expansion*  * 

Thermfl  compensators  are  used  to  allow  for  duct  movement  caused 
by  thermal,  expansion  and  contraction.  ^ 

thermal  compensator  i^  stiown  belowT  This  part  is  made  up  of 
^a  flexible  bellows  that  allows  for  linear  (lengthwise)  movement  and 
^a  ball  sad  swivel  joint  that  allows  fox  angular  (sideways)  movement. 

> 

The  inuer  tube  (2)  Is  connected  tp'  the  .outer  chamber  (1)  by  the 
bellows  (3).    The  duct  is  connected  to'the  inner  tube.    If  the  duct 
mbv^s  due  to  exp«niion^  the  flexible  bellows  will  allow  the  inner 
tube  to*  move  inside  the  compensiitor .  ^ 

Oa  the  opposite  end  of  the  compensator,  the  duct  is  connected 
to  the  swiyel  joint.    The  swivel  joint  (4),  allows  the  ducting  to  move 
angular  (sideways)  approifcimately  3  degrejjs.  ^ 


>.  OUniCHAMIU 

3-  KUOWSASJV 
4.  SWIVfL  JOINT 


Figure  4.    Thermal  Compensators. 
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Frame  6  (Continued) 
Fllx  In  the,  blanks  to  complete  the  following  statements. 

1.  An  Increase  in  temperature  will  cause  the  ducting  to   

2.  Movement  of  the  bleed  air  ducting  due  to  thermal  expansion 
or  contraction  is  compensated  for  by  the  ^  

S   •  » 

3.  The  swivel  joint  allows  for     ^        of  the 

ducting. 


-J 

i 


2i 


3  \ 


/ 


1.  >  exDand     2.    thermal  compensator 
3.    angular  moveinent 

Praioe  7 

When  a  duct  section  Is  removed  .during  maintenance  and  a  new 
section  la  Installed,  It's  possible  the  ducting  will  not  fit  together 
the  sa&ie       the  old  section  did.    Duct  length  may  vary  slightly,  t 

Ambient  (surrounding)  temperature  changes  may  cause  variations 
-in  the  aircraft  structure  ax^d  the  bleed  air  ducting  due  to  the  dif- 
ference in  expansion  rates  of  different  metals.    This  can, make  it 
difficult  to  align  the  ducting  and  to  Insure  a  leak  proof  connection. 

Tolerance  compensators  are  Installed  in  the  system  to  compensate 
for  variations  in  duct  length. 

Th.e  tolerance  compensator  is  shown  below.    This  unit  consists  of 
a  bellows  section  for  flexibility  and  a  threaded  section  that  allows 
the  maintenance  man  to  adjust  the  duct  length.    This  is  done  by 
screwing  the  threaded  section  in  to. shorten  the  tolerance  compensator, 
or  out  to  make  it  longer. 


TOLERANCE  COMPENSATOR 

Figure  5.    Tolerance  Compensator. 
Fill  in  the  blanks  to  complete  the  following  statements. 

1.  If  the  duct  sections  do  not  align  properly,  the  maintenance 
tedinician  should  adjust  the     . 

2.  Tbe  purpose  of  the  toler^qe  compensator  is  to  allow  for 
 in  duct  length. 


AxMiexa  to  Fraiae  6: 
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Answers  to  Frame  7 :    1 .    tolerance  v.-)mpea8ator     2 .    variations  ^ 

Frame  8 

There  are  several  types  of  clamps  and  couplings  used  to  join 
duct"  sections  together  and  to  attach  the  uiilts  such  as  compensators 
and  control  valves «  ^  ^ 

  ' 

Four  different  couplings  used  In  the  bleed  air  system  are  shown 
below.  They  are  the  Herman  V  band,  Marman'  Conoseetl,  Marman  Jll^  and 
Janltrol  couplings. 

Notice -that  the  Marman  couplings  use  geskets  to  make  an  air  tight 
seal  betvsen  the  ducts»  vhlle  the  janitrol  coupling, does  a6t. 

The  Janitrol  coupling  la  designed  ro  make  the  Joict  'alr  i±^t  by 
pulling  the  duct  flanges  together  tp  form  a  metal  to  metal  se^. 

Care  nuat  be  taken  to  Insure  the  flanges  on  this  ^coupling  are  not 
be^t  or  a4.cked  during  maintenance,  as  a  'damaged  flange  will  cause  an 
air  leak* 


^UEXtTAUUIC  GASICaT 


MAiMAH  V  SAND  COUPUNG 


GASKET 


MAKMAN  CONOSEAL  COUKSNGS 


CUAMP 

MAKMAN  JM  JOINT  CCUPltNCS 


CUAMP 


JANITftOl  COUHlNGS 


ERLC 


Figure  6.    Duct  Section  Couplings. 
Fill  In  the  blanks  to  complete  the  following  statements. 
1.      Duct  sections  are  held  together  by     

2. 


3. 
4. 


An  air  tl^t  seal  is  formed  in  the  Marman  coupling  by  the 


An  air  tl^t  seal  is  formed  in  the  Janitrol  coupling  by  the 


flanges  formlngt^a 


CO 


seal. 


A  leak  at  a  janitrol  coupling  could  be  caused  by  a  damaged 
^'  15 
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Vtmm  9  « 


Each  of  the  couplings  shown  In  figure  6  will  be  referred  to  as  a 
•V  (Vee)  band  coupling  or  clamp.    This  will  be  the  general  flight  line 
teralnoiogy  that  you  will  encounter.    They  are  called  V-band  couplings 
because  of  their  V  shape. 

.  The  sketch  sham  (figufe  V)  identifies  some  of  the  parts  of  a 
V-band  coupling.    Notice  the  ^T"  bolt  and  quick  coupler  latch.  This 
permits  disconnecting  the  coupling  without  complete  removal  of  the  nut. 


.  The  V*band  couplings  are  normally  used  where  the  pressure  and 
temperature  f^r^  u^gb^  such  as  in  the  bleed  air  manifold  ducting  and 
the  ducting  leadiny  to  the  air  conditioning  package. 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.     Couplings  having  a  V  shaped  groove  that  fits  over  the  duct 
flangas  are  normally  called   _ 


2.     Cou;>llngs  used  on  the  ducting  carrying  the  bleed  air  to  the 

equlf.mt  refrigeration  unit  would  be  of  the   

  type. 


Figure  7.    Components  of  a  V-band  Coupling. 
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Ansvars  to  Frame  9 :    1 .    V  band  coupllafrs 


V  band 


Frame  10 


The  gaekete  uaed  with  the  Martjun  y--band  couplings  are  made  of  a 
metal  wire  molded  into  an  asbestos  \materlal«    These  gaskets  are  called 
flexltalllc  gaskets.  ^ 

\  «  ^ 

The  gaskets  iised  with  the  Marma^  Conoseal  couplings  are  cone 
shaped  stainless  steel  gaskets.  ^ 

The  gaskecs  used  vlth  tne  Herman  Jll  are  made  of  a  copper  allpy 
and  are  formed  to  fit  machined  grooves  in  the  duct  flanges. 

Each  of  the  gaskets  are  designed  to  fit  a  specific  type  of  the 
duct  connection  land  can  not  be  Interchanged. 


When  a  duct  connection  is  loosened,  or  removed  and  replaced,  new 
geskets  must  be  installed. 

To  prevent  damage  to  the  gaskets  they  must  be  handled  with  care. 
Hot  air  l^aks  can  take  piece  at  the  couplings  if  the  gaskec  is  damaged 
or  if  the  gask*t  is  not  put  in  properly. 

Proper  installation  means  having  the  duct  flanges  aligned  so  the 
flanges  mate  properly,  insuring  the  coupling  is  on  the  connection 
strsl^t,  ax^d  torqulng  the  coupling  to  the  torque  value  specif l,ed  by 
the  applicable  technical  order. 

Fill  In  the  blanks  to  cotuplete  the  fnliowlig  statements. 

1.     The  material  used  in  the  gaskets  for  Merman  V  band  couplings 
Is  otttal  and  


2.     Whenever  e  duct  connection  is  disconnected,  a  new  

should  be  Installld. 

3«     A  leak  at  a  Herman  V*-band  coupling  could  be  caused  by  a 
defective 
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kamimtB  to  Framt  10:    1*    aabestoa        2*    gasket        3*  gasket 


Pr«M  11 

The  sketch  b^low  shows  two  additional  types  of  couplings.  These 
are  the  Merman  Chanael  Band  and  Rubber  Teck  couplings.    Couplings  of 
thle  type  are  not  used  -'n  the  hot  bleed  air  system.    They  are  used*in 
the  air  conditioning  system  lAiere  the  pressure  and  temperature  have 
been  reduced* 

-To  form  an  air  tight  seal,  the  rubber  teck  couplings  uses  a 
synthetic  rubber  seal.    The  Merman  Channel  Band  coupling  uses  a  fiber- 
glee  reinforced  rubber  sleeve.    When  installing  these  couplings  the 
maintenance  man  must  insure  their  proper  alignment. 


MAtMAN  CHANNfl  lANO  COUPLING.  KUSBiK  TECK  COUniNGS 


Figure  8.    Air  Conditioning  System  Couplings. 
Fill  in  the  blanks  to  complete  the  following  statements.  i 

1.  The  Marman  Channel  Band  coupling  is  normally  used  where  the 
pressure  and   ,  have  baen  reduced. 

2.  An  air  tight  se^l  is  formed  in  the  Rubber  Teck  coupling  by  a 
rubber   and  in  the  Marman  Channel  Band  by  a  rubber 
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Ansverd  to  Frame  11:    1.  tmperature 


2. 


seal 


sleeve 


Frame  12 


Sow  maintenance  on  the  bleed  air  system  requires  you  to  take  atf 
and  put  on  the  duct  sections  of  some  parts.    This  means  you  will  remove 
end  install  duct  couplings. 

When  a  duct  couplixig  is  put  on  it  must  be  tightened  to  a  specific 
value.    Bow  can  you  tell  when  it's  ti^t  enough?    This  is  one  place  you 
must  use  a  torque  wrench. 

The  exact  torque  value  to  use  will  change  with  the  ::ype  and  size 
of  the  clamp  or  coupling*  When  torquing  couplings,  you  must  refer  to 
the  chart  of  torque  values  in  the  technical  order  for  the  aircraft  on 
which  you're  worklog* 

For  exanple>  XI  the  F-4C  aircraft,  the  torque  value  for  a  4  inch 
Maraan  V  band  coupling  is  35  to  40  inch  pounds.    A  4  inch  Merman 
Conoseal  coupling  is  torqued  to  120  to  140  inch  pounds. 

To  stop  complete  separation  of  the  connection  in  case  of  a  "T'* 
bolt  faJ.lure,  the  couplings  are  safety  wired.    The  sketch  shows  a  duct 
coupling  with  the  safety  wire  installed. 


Hote:    This  is  a  double  stranded,  twisted  safety  wire. 

When  Installing  couplings,  you  will  have  to  check  the  applicable 
technical  order  to  determine  specific  procedxxres  for  safey  wiring 
couplings. 


Figure  9*    Coupling  Safety  Wired. 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.      When  duct  couplings  are  replaced,  they  must  be  tl^tened 
to  a  specific   value. 


2. 


To  determine  the  proper  torque  value,  you  should  refer  to 
the  .     in  the  technical  order  • 


3. 


To  determine  if  a  coupling  should  be  saf ety--wired  you 
should  check  the  applicable  aircraft     ^ 
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Anvmrs  to  Frame  12:    I.    torque        1.    torque  chart 

3.    techalca^  order 

Fraae  13 

The  following  Information  gives  some  general  guidelines  that 
must  be  followed  when  working  with  ducting  and  couplings. 

1.  Preias tails tion  checks; 

^  a.     Exercise  particular  care  during  handling  and  installing 

ducts  to  ensure  that  flange  faces  are  not  scratched,  distorted,  or 
deformed. 

Use  pITQefCtiYe  flmge  caps  on  the  ends  of  all  ducts 
until  the  Installation  progresses  to  the  point  where  removal 
^  th**  cap  Is  essenclal  to  the  installation. 

c.     Clean  the  flange  faces  and  Inspect  them  every  time  a 
clamp  is  remove<J.    Clean  the  flange  faces  by  wiping  with  a  clean 
cloth.    Do  not  use  a  wire  brush  to  remove  dirt. 

2.  Installation; 

a.  Check  the  part  number  to  ensure  the  proper^ coupling  is 
being  installed. 

b.  When  reinstalling  a  used  coupling,  visually  check  it 
for  spreading  of  the  V  section,  broken  spot  welds,  worn  T-bolt  threads, 
bent  "^olt,  and  freedom  of  mo^/ement  of  the  latch  and  trunion. 

c.  When  gaskets  are  iised,  use  care  ^to  avoid  nicks  or  burrs 
on  the  gasket  surfaces.    Whenever  a  joint  is  disassenibled,  a  new  gasket 
shoxild  be  used  when  reassembling.    Ensure  the  gasket  is  properly 
seated. 

d^     Determing  the  correct  torque  for  the  T-bolt  by  referring 
to  the  applicable  technical  order. 

e«     Tighten  the  out  to  about  2/3  of  the  specified  torque, 
then  tap  the  coupling  li^tly  with  a  plastic  mallet.  Continue 
alternately  torqulng  and  tapping  until  the  torque  wrench  stabilizes 
at  the  specified  value* 

f .      Safety  wire  the  T-bolt  as  directed  by  the  applicable 
technical  manual.  ^ 

NO  RESPONSE  REQUIRED 
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Frame  14 

Read  each  atateuant  belov,  than  mark  each  one  T  (true)  or.  F  (false). 

1.  Angular  iDoveoiant  and  linear  growth  due  to  thermal  expansion 
la  conpenaated  for  by  the  thermal  compensator* 

2.  The  ball  joint  on  the  thermal  compensator  alleys  for  angular 
movement* 

.3,     The  tharmaj.  compensator  is  used, to  adjust  for  variations  in 
duct  length  during  maintenance* 

,4.     To  align  the  ducts  when  installing  a  nev  section  of  ducting t 
 the  jaaintenanca  jman.  can  adjuat  the  t^olerance^ compensator* 

5*     The  gaskets  used  vlth  the  MartEian  couplings  must  be  replaced 
each  time  the  connection  is  loosened*  ' 

6*     A  damaged  gasket  could  cause  an  air  leak  in  a  Janitrol 
coupling* 

> 

7.  Couplings  are  used  to  Join  duct  sections  and  control  units 
to  the  duct. 

8.  The  Merman  Channel  Band  couplings  use  a  sleeve  to  form  an 
air  tight  seal* 

9.  Herman  Chaxmel  ;Band  couplings  are  used  in  the  hot,  hig^- 
pressure  bleed  air  system  to  attach  units  to  the  ducts* 

10.     When  installing  duct  coupUngs,  the  maintenance  man  must 
tighten  them  with  a  torquelyrench* 

11*     To  determine  the  proper  torque  value  ror  a  duct  coupling t 
you  should  refer  to  the  technical  order* 

12.     An  air  leak  at  the  duct  coupling  could  be  the  result  of  a 
damaged  gasket,  or  an  improperly  torqued ^couplin^*  « 
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Aam*%T9  to  Fraae  14: 


T  I. 
F  .6. 
T  11. 


J.— 2.       F  3. 
T    7 .       T    8 . 
T    12.  * 


T  4. 
F  9. 


T  5. 
T  10. 


Fraoe  15  ,  < 

Slace  the  air  passing  throufh  the  bleed  air  ducting  la  extremely 
hot,  the  heat  from  the  duct  can  a^u^ge  nearby  equipment.    If  touched* , 
the  hot  ducting  can  cause  lujury  to  maintenance  personnel. 

To  stop  damage  fo  equipment  and  to  protect  the  maintenance 
personnel  the  engine  bleed  air  ductljig  is  Insiilated. 

Four  different  types  of  insulation  are  used;  they  are:  fiberglas 
blanket^  j»tiU»  foil »^_flbr^  and  j^relormed  fiberglas. 


Figure  10 «    Bleed  Alt  Duct  Insulation. 

The  fiberglas  blanket  insulation  is  made  up  of  fiberglas  covered 
vith  a  fabric  material  and  sewn  together  with  a  fiberglas  thread. 
The  blankets  are  made  to  fit  specif ip  sections  of  ducting  or  valves. 
The  ends  are  clamped  to  the  duct  vich^  a  metal  band  clamp. 

The  metal  foil  insulation  is  made  up  of  fiberglas  with  a  thin 
metal  foil  covering  on  each  side.    Each  pleca  of  thiV  insulation  iz 
made  to  cover  specific  sections  of  ducting  or  certairT units.  There 
is  also  a  piece  of  this  metal  foil^insulation  covering  ^he  refrigera- 
tion unit  heat  exchanger.    This  instili^lon  is  held  in  place  with 
safety  wire  laced  around  small  metal  s^^s  along  joining  edges. 


The  fiberglas  tape  is  a  material  that  ^is  approximately  2  inches 
vldt  and  is  simply  wrapped  on  the  duct  and  held  in  place  with  a 
special  thArmosatting  tape.  .  This  instigation  is  used  on  some  of  the 
smaller  sections  of  ducting.! 
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Frame  15  (Continued) 
fill  'In  the  blanks  to  cooplete  the  following  stateinents. 

1.  To  prevent  heat  dattage  tg  adjacent  equipment  and  iajury  %o 
peraonnal,  the  blead  ali;  ducting  is   . 

2.  Th«  four  types  of  Insulation  used  on  hot  air  <Juct  ire 


flbarglas  ,  natal 


flbarglaa  ,  and  ^  flberglas. 

3.     Mgt«l  foil  Insulation  is  held  in  place  with  ' 


« 

V 


23 


34 


toww.  to  Fr«ne  15.    1-  ^^"gr. 


rr»ne  16  4««»-*llad  on  a  section 

T,.  lllu.tr.tloa  b.l»  ^'".^^^i'jlMb.rSl"  ^"'f  f 


Figure  11.    Duct  Insulation. 


Figure  x^.    —  ^^^^^ 
t^Lr.^rSTu  to,.tH.r  o«  th.  duct 

th.tii>.«ttln»  •        .      „t.tl»l  the 

„.  ,-11  to,al.tion  (2)  ^'•J'  Si.  ™tch  .hw.  the.  . 
rit^tltS  0£%Stl«.    Kotlc.  h»  th.  ..£.tT 
.  S:«oS  trin.ul.tio.  in  puce.  ^^^^^^ 

^  „„i  .oil  .n.ui«i»       -  ^5r.tr.t?'^- 

la  the  •^'^'^/^^'LS  (T  bolt)  ty  fit  through, 
for  the  coupling  bolt 


G 


Figure  12.    Insulation  Strap. 
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Frame  16  (Contlaued) 

In  atttM  vhtrtt  th«  ducting  or  a  coupling  is  not  covered  with 
Inaulaikrlmt  tha  nalntenance  man  muat  use  caution  to  avoid  getting 
burned^  An" exposed  duct  coupling  can  become  extremely  hot  during 
operatlaa  of  the  system. 

Fill  in  the  blesi^  to  coiq»lete  the  following  sc.  ^ments. 

1. *   The  Insuletlon  used  on  bleed  sir  ductii^  consists  of  _^  

end    foil  materials .  ^ 

2«     Metel  foil  insulation  straps  are  used  to  insulate  duct 


3«     One  precaution  to  observe  when  working  on  or  near  the*  bleed 
air  ducting  Is  to  avoid  touching  an  exposed  section  of 
or  an  exposed  duct  . 
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AsMimTB  to  Fraine  16:    1.    flberglag  and  metal  ,    2.  couplings 

3.    duct  couplings 

Fraaa  17  ^  ^  . 

A  laak  check  aiust  be  made  after  completion  of  repairs  or  whenever 
leaks  are  thoun^t  to  exist  in  the  bleed  air  system.  ^ 

A  leak  check  on  the  bleed  air  system  refiuires  the  usre  of  special 
duct  plugs »  adapter 9  and  a  ground  air  campressor.      f ^  4 

The  plugs  are  put  in  at  saveral  points  ip  the  system  io  isolate 
the  bleed  air  aystem  from  tha  refrigeration  units,  boundary  layer  ^ 
control  systea»  and  the  engines «  *  . 

The  adapter  is  put  in  at  one  jd£  tfie  ehgine  tapoffs.    Air  from 
the  aiV^ compress or  is  put  through  the  adapter  to  pressurise  the  ducting. ' 

Esitceasive  leakage;  is  found  h/  pressuri^ng  the  system  to  a  speci- 
fied pressure,  then  mrmitoring  the  pressure  drop  over  a  set  period 
of  time.  « 

As  au  example,  the  ?"*4  is  pressurized^  to--^50  pc^i,  then  the  system 
is  closed  of f •    The  pressure  drop  is  timed  and  should  ncm  drop  below 
225  psi  in  flvs  minutss.    If  the  drop  is  greater,  then  the  leakage  is 
excessive.    The  point  of  leakage  can  be  located  by  sound  and  by  feel. 

After  thia  part  of  the  le'^ak  ched^ia  performed «  the  duct  plugs 
and  adapters  are  removed,  and  the  couplinga  reinstalled*    These  couplings 
■ustKslso  be  checked  for  ledcage.    This  is  done  by  running  the  engines 

and  fueling  each  connection  for  leakage. 

* 

Actxial  performance  of  tue  leak  test  requires  that  ycu  follow 
detailed  procedures  outlined  in  the  technical  order. 

When  perfomlng  the  leak  test  you  must  avoid  standing  near  or  in 
lin#  with  any  of  the  duct  plugs  whixe  the  system  is  pressurized.  Severe 
ipjury.ttsy  result  if  a  plug  is  blown  out. 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.  After  you  install  a  new  section  of  ducting  you  oust  perform 
a    . 

2.  When  perforsing  a  leak  test  of  the  bleed  air  system  you 
should  follow  the  ^f^cedures  outlined  in  the  ^  


3.     When  parforming  a  leak  test,  thy^bleed  air  system  is 
isolated  by  Using  
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iPrame  17  (Contiau^d) 


Duct  plugs  ar«  used  to  IsolAts  ths  :  J  

systM  for  th«  l«sk  tsstlng* 

LsskAgs  In  \  bleed  ^Ir  system  cen  be  determined  by  timing 
the    • 

One  preceutlon  to  observe  vhen  performing  a  leak  test  is  to 

avoid  standing  In  line  with  u  .  

vhile  the  system  is  pressurized. 
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koMwmxB  to  Firame  17:    1.  leak  test     2.    technical  order 

3»  duct  plugs     4.    bleed  air 

^  5.  pressure  drop     6.    duct  plugs  ^ 

Frana  18 

There  are  several  safety  precautions  that  you  muse  follow  while 
working  on  the  bleed  air  system.    These  precautions  are  to  protect 
the  equipment,  to  protect  you  and  other  maintenance  personnel,  and 
to  insure  the  aircraft  is  safe  to  fly*    Some  of  these  precautions 
are  listed  below* 

1.  Extreme  care  shoiild  be  \ised  to  avoid  denting  or  scratching 
the  ducts  when  these  ducts  are  removed  or  installed.    A  dent  or 
scratch  could  weaken  the  duct  and  cause  the  duct  to  rupture. 

2.  Use  csre  ^en  installing  ducting  with  janltrol  couplings  to 
avoid  damaging  the  flanges.    A  damaged  flange  will  cause  on  air  leak. 

3*     All  coupling  gaskets  and  seals  should  be  handled  with  care. 
Damage  to  the  gaskets  or  saals  can  resiilt  in  a  severe  air  leak  which 
could  damage  the  aircraft  or  adjacent  equipment. 

4.  Always  Install  a  new  gasket  whenever  a  duct  connection  is 
loosened.  ' 

5.  Torque  each  coupling  to  the  value  specified  by  the  technical 
order • 

6.  Avoid  touching  or  otherwise  coming  in  contact  with  the  exposed 
ducts  and  duct  joints. 

7.  Do  not  stand  near  or  in  line  vlth^&he  bleed  air  duct  plugs 
when  performing  a  bleed  air  systenMeak  ^st.    You  could  get  hurt  if  a  ^ 
plug  blows  out  while  under  pressxire.  ^ 

Fill  In  the  blanks  to  complete  the  following  statements. 

1.     To  determine  the  torque  valuer  for  duct  couplings,  you  should 
refer  to  the    ' 


2.     When  installing  a  new  Marman  coupling,  you  should  install  a  new 


3.  An  air  leak  at  a  duct  coupling  could  be  caused  by  a  damaged 

.  or  an  improperly  coupling. 

4.  Ducting  ^ould  be  handled  with  care  to  avoid  or 


5.      Precautions  to  observe  when  maintaining  the  bleec^  air  system 

reqtalre  that  you  avoid    the  hot  air  ducts  and 

standing  in  line  with    > 
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Answers  to  Frame  18:    1.    fchnlol  order     2.  gasket 

3.    gaaket    torgued     4.    denting  or  scratching 
5.    touch  Inj^    ducC"  pluy^s 

.    ■  «  - 

Prane  19 

Read  the  foUowlng  statements,  then  mark  them  T  (true)  or  F  (false) 

 ^1.     The  coupling  sbdim  In  figure  13  Is  used  to  join  sections  of 

ducting  in  the  bleed  air  system. 


2. 


_5. 
6. 


— 8- 
10. 


Figure  13. 

The  coupling  shown  in  figure  14  is  used  to  attach  units  to 
th«  ducts  ^n  the  hot  bleed  aijr  8-«tem, 


Figure  14. 

To  prevent  possible  air  leaks,  the  gaskets  used  wii:h  the 
duct  couplings  should  be  replaced  each  tizne  the  coupling 
is  loosened* 

To  prevent  possible  injury,  maintenance  personnel  could 
avoid  coQlng  in  contact  with  hot,  exposed  duct  couplings • 

All  duct  coupling  seals  and  gaskets  should  be  handled  with 
care  to  prevent  possible  damage. 

To  prevent  stripping  the  nut  and  bolt  on  the  couplings,  the 
nut  is  tl^tened  only  hand  ti^t. 

An  air  leek  at  the  coupling  could  be  caused  by  a  gasket 
damaged  during  handling  or  an  improperly  installed  gasket. 

Couplings  using  a  rubber  seal  or  sleeve  are  designed  for  use 
on  ducts  carrying  hot,  high-pressure  air. 

All  clsntps  must  be  ti^tened  to  technical  order  specification 
with  a  torque  wrench* 

Asbestos  material  is  used  to  insulate  all  bleed  air  ducts. 
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ixcM%  X9  (ContlnMd) 

U*  Ducc  coupling!  art  Inf  ulati  *  with  a  natal  foil  a  trap* 
12. 


13. 


Tba  blaad  air  ducting  la  Icaulatad  to  pravant  haat  daoaga 
to  adjacant  aqulpaant. 

Matal  foil  and  prafomad  f|bar«laa  ar<«  two  typaa  of  iuct 
Inaulatlon. 


Placa  tha  lattar  of  tha  unit  ahovn  balow  In  tha  blank  apaca 
oppoalta  tha  atatanant  that  Idantlflaa  tha  purpoaa  of  tha  unit. 

 ^14.     Par»lta  linaar  growth  of  a  duct  cauaad  by  thamal  axpanalon 

^  and  allow  angular  aotraaant  of  tha  ducting. 

 ^15.     Paralta  tha  nacaaaary  adjuatmanta  during  malntananca  of  tha 

blaad  air  ayata». 


[THRfADS 
TOLCRANCC  COMf INSATOR 


lAU 
SWIVIl 

JOINT 


6  < 

Axumrnr*  to  FruM  19: 


THII^Al  COMrc:<(SATOIt 
Flgui«  15. 

I.  T    2.  F    3.  T    4.  T    5.  T    6.  F    7.  T    8.  F    9.  T    10.  F 

II.  T    12.  T    13.  T    14.  B    15.  A 
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OBJECTIVE 

Aft#r  you  coapl«t«  thla  progr«nMid  ttxt,  you  will  b«  %hlm  to: 
Identify  c%bln  mix  conditloalng  systui  coapontnt  operation  with 
mlTi lamia  of  802  tccuracy. 

.NSTBSCTIOMS 

This  prograoMd  t«xt  praMnta  inforaation  in  tmall  atapa  callad 
"froM*'*   Aftar  aach  fraaa  you  ara  aakad  to  coaplata  a  atatamaat  or 
aatch  aoM  atatasantt.    Raad  tha  aatarlal  praaantad  and  maka  your 
raaponaa  aa  dlractad.    Aftar  you  hav%  aada  your  raapoaaa,  conpara 
your  anawar  with  tha  corract  anawar  glvan  at  tha  back  of  tha  taxt* 
If  your  anawar  la  lncorract^  raatudy  tha  fraaa  to  fat  tha  l^foraatlon 
corract.    Wrlta  tha  anavar  aaxt  to  your  original  raaponaa  and  than 
;  -ocaad  to  tha  naxt  frMa,    if  nacaaaary,  you  aay  go  back  to  chack 
Inforaatlon  pravloualy  glvan,  but  do  ioft  aklp  ahaad. 
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Frasie  1 


In  your  job  £^  an  Eovlronaantal  Sjratam  Machanlc*  It  la  vital  that 
you  know  how  varloua  typaa  of  aircraft  «d.r  condltlonl&g  ayatama  work. 
In  ona  of  yottr  paat  laaaona  you  laamad  about  tralnar  typa  i^lrcraft 
air  coedltlonlng  ayatas.    In  thla  laaaon,  you  will  laam  how  a  typical 
flgbcar  aircraft  i^lr  conditioning  ayataa  wo'rka, 

Tha  fi^tar  &lr  condxtlonlng  ayatan  aanraa  qulta  a  faw  purpoaes. 
It  will  fumlah  conditionad  air  for  crafw  cosfort,  windahiaM  and  canopy 
dafroatiuff  and  for  cooling  tha  alactronic  aqiiipmant  found  in  tha 
cockpit. 

Tha  fightar  air  conditioning  ayatan  ia  aiailar  to  tha  trainer  aircraft 
air  conditioning  ayai;eB.    That  1«,  the  filter  ayatem  will  alao  get  hot, 
high  preaaure  bleed  air  from  the  enginea  and  cool  it  through  the  uae  of 
a  refrigeration  ue^n.    Look  for  and  leem  the  dlffarencea  in  the  parte 
uaed  to  control  tl    airflow  and  tanperature  in  thla  ayatem.  Raaeober, 
to  do  aalntenanca  on  an  air  conditioning  syatam,  you  nuat  firat  know 
how  the  ayatev  worka* 

fill  1^.  tlQ  blanka  to  cosiplete  the  following  atateaenta  about 
the  fi|^t<  ^  4ir  cson'iitioning  ayatan. 

1.  It  pro^dea  conditioned  air  for   Bud 

'tef  rooting. 

2.  It  provlci^a  ^If  for  cooling  the  ^  aquipmont  located 
in  tha  cockpit.  ^ 

3.  Ic  provider  couditioucd  air  to  the  cockpit  for  comfort. 

4.  It  receivaa         hi^-preaaura  bleed  air  from  tha   . 


3 

4.} 


FraM  2     ^  ) 

In  the  flghtftr  air  conditioning  system,  the  air  conditioning 
cc^oosQts  are  grouped  into  an  tMeably  called  the  "refrigeration 
unit."   The  tvo  drdr^ngs  on  the  opposite  page  are  the  front  and  hack 
view  rf  the  refrigeration  unit.    The  refrigeration  unit  consists  of 
the  foUovin^  cooponents,  vhlch  are  identified  by  corresponding  numbers 
in  the  llluetratlon* 

1*    Bleed  air  pressure  regulator  and  shutoff  valve. 

2.  Heat  exchanger.  ^ 

3.  Ground  cooling  ejector  shutoff  valve. 

4.  Turbine  overspeed  pressure  switch. 

5.  Flov  limiting  vmturl. 

6.  Cabin  dual  temperature  mixing  valve. 

7.  Turbine  assembly. 

8.  Water  separator. 

9.  Anti-ice  valve. 
10.    Anti-ice  controller. 
U.    Lag  chamber. 
12.    Engine  bleed  air  duct. 


13.  Conditioned  air  outlet. 

14.  Sam  air  inlet.  ^* 
13.    Kam  air  outlet* 

In  the  frames  that  follow,  each  of  these  components  will  be  described 
As  each  coaponent  is  described,  you  should  refer  back  to  the  illustrations 
of  che  refrigeration  unit.    This  will  help  you  see  how  each  component 
makes  up  a  part  of  this  system. 

The  bleed  air  that  enters  inlet  nusd>er  12  is  from  the  bleed  air 
sanifold.    Keme^r,  this  is  hot,  hlgb-pressure  air  from  the  engine 
cos^ressor. 

NO  RESFOHSE  REQUIRED 

I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I 
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1. 

BLfED  AIR  PRESSUKE  REGULATOR  AMD  SHUtOFF  VALVE 

2. 

HEAT  EXCHAKGSR 

11. 

LAG  CHAMBER 

3. 

GiOUItt)  COOLING  EJECTOR  SKJTOFF  VALVE 

12. 

ENGINE  BLEED  AIR  INLET 

4. 

thrbihe  overspeid  pressure  switch 

13. 

CABIN  AIR  OUTLET  DUCT 

5. 

FLOW  LIMITIMG  VENTURI 

14.' 

RAM  AIR  INLET  DUCT 

6. 

CABIN  DUAL  TEMPERATURE  MIXING  VALVE 

15. 

RAM  AIR  OUTLET  DUCT 

7. 

COOLING  TURBINE 

8. 

WATER  SEPARATOR 

r 

9. 

,TfI-ICE  VALVE 

10. 

ANTI-ICE  CONTROLLER 

4g' 


m 

FraiBt  3 

In  a  f«v  of  the  follovlng  frames »  small  diagrams  will  be  used  tc 
fbow  you  how  the  alt  flows  through  this  systt^z*.    These  diagrams  are 
slnpllfled  and  will  start  by  showing  only  part  of  the  system.    As  you 
aove  on  through  this  text»  other  parts  will  be  added  until  the  system, 
la  complete. 

For  exaaple»  the  diagram  below  'shows  only  the  flow  of  air  froiu  the 
bleed  air  system  to  the  ttxrblne  assembly.    By  following  the  airflow  on 
thM4  diagrams »  It  should  make  It  easier  for  you  to  see  how  each  part 
fits  Into  this  system. 

From  your  studies  of  the  trainer  system,  you  should  recall  that  the 
first  part  In  the  system  was  a  shutoff  valve.    The  fighter  Is  similar; 
that  Is,  It  also  has  a  valve  to  control  the  starting  and  stopping  of 
airflow  through  the  system. 

.The  valve  that  does  this  task  on  the  filter  system  is  the  bleed 
air^ess^re  r^wlat^^d^hut^f f  valve. 

Actually,  as  the  nam<(  implies,  this  valve  serves  two  purposes.  It 
serves  as  a  shutoff  valve  for  the  cockpit  air  conditioning  system  and  it 
also  s4rves  to  resiulate  the  air  pressure  going  through  the  air  conditioning 

T  i~  "  " —   ^  ^  — 

^iug  normal  operation  of  the  air  conditioning  system,  this  valve 


will  regulate  pressure  at  62  psi. 
1)  in  the  schematic  below. 


— 


NOTE  the  location  of  this  valve  (number 


FiOM  •iifoL— 

All  SYSTlMl-^ 


(!) 


Fill  in  the  blanks  tc  complete  the  following  statements. 

1*     Th»  unit  used  to  shutoff  the  air  conditioning  system  is  the  bleed 
air  pressure  regulator  and   

2.     The  air  going  through  the  air  conditioning  system  is  regulated  at 

62  psi  by  the  bleed  air   and  shutoff 

valve. 
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Frame  4 

Th«  bleed  elr  pressure  regulator  and  shutoff  valve  Is  an  ad^  actuated 
solenoid  controlled  valve*  It  Is  made  up  of  a  pneumatic  actuator,  butter- 
fly valve »  and  two  solenoids* 

Engine  bleed  air  that  is  used  to  operate  the  valve  is  taken  upstream 
of  the  butterfly  valve  and  led  through  the  solenoid  ^rked  "A"  in  the 
illustration)  to  the  pneunatlc  actuator.  ^  ^ 


When  this  solenoid  is  de-energized,  the  air  pressure  is  directed  to 
close  the  valve*    When  the  solenoid  is  energized,  the  air  pressure  is 
directed  to  open  the  valve.    This  will  let  airflow  through  the  valve  and 
to  thm  air  conditioning  system. 

The  pressure  of  this  airflow  is  regulated  at  62  psi  by  the  regulating 
portion  of  the  valve. 

The  pressture  in  the  duct  is  sensed  by  a  sensing  line  before  it  enters 
the  turbine  a^seifcly.    When  the  pressure  in  the  duct  reaches  62  pel,  the 
sensing  line  trill  allow  this  pressure /to  be  applied  to  the  regulating 
portion  of  the  valve.    This  will  cauM  the  valve  to  adjust  tc  ^t^sitlon 
(partially  closed)  that  will  mAlntay[*62  psi  in  the  system. 

The  second  solenoid  (marked  "B'*  in  the  illustration)  is  used  to 
reduce  air  conditioning  system  pressure  to  40  psi  when  the  rain  removal 
system  is  operated.    The  rain  removal  system  will  be  eoqplained  in  a 
separate  text. 

Fill  in  the  blanks  to  complete  the  following  statements. 

1^     The  bleed  air  pressure  regulator  and  shutoff  valve  is  controlled 
by  a  * 

2*     The  bleed  air  pressrre  regulator  end  shutoff  valve  is  actuated  by 


3.     The. bleed  air  pressure  regulator  and  shutoff  valve  requires  both 
 and  power  for  operation. 

4^\fEe  unit  that  controls  air  preisure  for  the  air  conditioning  system 
is  the  bleed  air  end  
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After  th.  regulated  bleed  Ur  flow,  through  tlTe  P""«*  '^^J^*"' 
^    V  It  flows  through  the  heat  exchanger  (number  2  In  the 

SlulSrtJ^  .i:^)  ini'^TtSi  'hTald.  of  th*  t-peratur-  control  valve 
(nuBber  6  In  the  llluatratlon) . 

on  the  Uluatratlon  .hown.  note  the  path  of  •i'Jl^w  JJ^""" 
regulSor^-hutoff  valve  to  the  heat  «cch«i8.r  .ud  the  path  to  the  . 
tMpMS^cuM  control  valv*. 

th«  bl*«d  air  to  th*  raa  air. 

co«pre»aor  discharge  aectlon.  ^  .     .  f„r 


tAM  Alt  INieT 


TUSftlHS  ASSlMilY 


riOM  •! 


Alt  StSTIMJ- 


1. 


FlU  in  the  bl^ik.  to  coopl.te  the  following  statements. 

J-*-  «f  rhe  section  and  the 

The  heat  exchanger  consists  of  the  — ,  ^  

section. 


2      Initial  'cooling  of  the  bleed  air  is  accomplished  by  the 
Motion  of  the  heat  exchanger.  f  / 


<J9 


■  /      ■  . 

%  '  7 

Tbm  illuatratlotf  ^Icm  Oxmrn  thm  hMt  •xchaagtr  £or  tht  cockpit  air 
condlMoalug  and  IdantlflM  tha  varloua  cotmactlona*    Tha  angina  blaad 
air  frott  tha  praatura  ragulAtor  and  shutoff  valva  antart  tha  primary 
air  Inlat  (5),  paaaaa  through  tha  prlaary  sactlon  of  the  haat  axchmngar 
and  than  to  tha  eoopraaaor  aactlon  of  tha  turblna  aaaaoibly  (1)*    Air  It 
alao  takan  froa  tha  prlrary  sactlon  of  tha  haat  axchangar  for  tha  rain 
ranoiral  aystas  (4). 

Tha  air  froa  tha  coaptMaor  aactlon  of  tha  turblna  asiasably  antera 
tha  aacoodary  Inlat  (2),  picaaaa  thrpugh.tha  aacondary  sactlon«  and  out  to 
tha  axpanalon  turblna  through  tha  aacondaty  outlat  O). 


0 


fill  In  tha  blanka  tc  conplate  tha  followlag  stateaantsl 

1.  Tha  prlaary  saction  codla  tha  air  for  the'  ^  

conditioning  ayttaap  and  tha  removal  system. 

2.  Aa  tha  blaad  mti  pMM  through  the  heat  exchanger,  the  heat  is 
transJ^arred  to  tha         '  air. 

3.  Tha  tlr  from  the  turbine  aasautly  flows  through  the  

saction  of  tha  heat  exchanger. 
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/an         .  V 

rrii.  7 

In  flight  -th«  fotwtrd  a»v«ffl«nt  of  th«  aircraft  giv  planty  of  ram 
air  for  cba  haat  axchangar  oparatlon.    But  for  ground  oparation,  another  ^ 
It  ba  uaad  to  draw  rm  air  acroaa  tha  haat  axchangar. 


k  ground  cooling  a1 actor  a»»aably  la  uaad  to  boost  tha  cooling 
affldancyTf  tha  haat  axchangar  whUa  tha  aircraft  i»  on  th«  ground. 

Thla  aaaaiblT  Is  aada  up  of  a  ground  ccollng  ajector  fhutoff 
valv,  (nurt>ar  3  in  tha  Uluatration)  and  tha  a1  actor  qozzlf  (number  15) . 
Vlnd  thaaa  two  parte  on  tha  illustration  shown. 

Note  that  bleed  -ir  ts  tapped  fros»  tha  hot  air  duct  before  it  goes 
in  tha  prlMry  aaction  of  the  heat  exchanger  and  is  directed  to  the 
ground  cooling  ejector  shutoff  valve. 

Whan  this  valva  Is  open,  engine  bleed  air  is  directed  to  the  ejector 
nosslea.    Tha  ejector  nosales  are  found  in  the  heat  exchanger  ram  air 
outlet.  '  ^ 

As  tha  engine  bleed  air  pasae?  through  the  ejector  nozzles  it  causes 
a  low  praaaura  area  directly  behind  the  nozzles.    This  low-pressure  area 
halpa  to  draw  ram  air  across  tha  haat  exchanger^    This  will  cause  cooling 
(r»)  air  to  flow  over  the  heat  exchanger,  thereby  increasing  the  cooling 
efficiency  during  ground  operation. 


MOM  littoL. 
Aitsomrj- 


Fill  In  the  blanks  to  complete  the  following  statements. 

1.     During  ground  operation,  ram  airflow  across  the  heat  exchanger  is 
caused  by  opening  the  ground  cooling  —  ' 

2      The  ground  cooling  ejector  assembly  consists  of  a  ground  cooling 
ejector  .        •'^  ^^^'"^"''^  —  
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The  grotmd  cooling  ejecnor  thutoff  valve,  ehown. below »  Is  s  motor 
operated,  butterfly  type  of  valve. 


This  valve  controls  the  blaad  air  i^olng  to  the  ejector  nozzles. 

This-  valve  Is  controlled  by  a  switch  on^the  landing  gear  handli.. 
When  the  handle  Is  in  the  gear  down  position,  28V  DC  power  is  direc|ed, 
to  the  Indlng  gear  auxiliary  relay.    This  energizes  the  relay  which 
'will  route  power  ^o  the  open  side  of  the  valve  and  aove  the  valve  to 
the  open  position.    When  the  valve  is  open,  bleed  air  flows  through 
the  ejector  nossles. 

When  the  landing  gear  handle  is  In  the  ^ear  up  position,  the  landing 
gear  auxiliary  relay  de-  energize  and  routes  the  power  to  the  closed  side 
of  the  valve.    This  will  aove  the  valve  to  the  closed  position  and  stop 
the  elr  going  to  the  ejector  nozzles.    In  this  way,  the  ojector  assembly 
only  opteates  when  the  landing  gear  handle  is  down,  which  is  mainly 
during  ground  operation. 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.  The  unit  that  controls  the  airflow  to  the  ground  cooling  ejector 
nozzles  is  the'  ground  cooling  • 

2.  The  ground  cooling  ejector  shutoff  valve  is  controlled  by  tha  switch 
on  the  ;   « 


3.     Por  the  ground  cooling  ejection  system  to  operate,  the  landing  gear 
handle  mist  be   (up /down) . 


mi 

Th.  prlncipl.  of  operation  of  f «  •Jj^^/'^.^rg^'of'th^lii^irde^ 

ti  S.  £«  -ove.  the  f;^^-^rrd%irfreh  result,  in  a  continuous 
thi.  cwee  nore  air  "  «>ve  towara  c 

2v««nt  of  air  behind  the  fan  a.  well  a.  ^^^^^^^ 

The  ejector  nozxle  •"•fiy/^rs^rair^fJ^the  bleed  air  system 
(•j«:to    .ozzles).    f        ^^«^;n!e^tor  n«zlS.  it  »>ves  rapidl^^^^^^ 
1.  forced  out  through  J,^mnt  of  the  air  surrounds  each  of 

to  the  higb-preseure.    This  rapiQ  ^ 

-v^nt  cu...'.  -/--\re.'St1oorr.iu. 
the  illuatration. 


^Frame  9  (Coat*d) 


Fill  in  th«  blatiks  to  conplete  the  following  statements* 

Raa  air  is  drai^  across  the  heat  exchanger  by  ejecting  

air  through  the  ejector  nozzles. 

When  bleed,  air  is  ejected  through  the  ejector  nozzles,  it  causes  a 

area  behind  the  nozzlds. 
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Match  th«  ^mitB  litt«d  la  Coluom  "B**  vich  ch«  scaCiUMincs  givtn  in 


2. 


3. 


5. 


6. 


Olmcct  tagiat  blMd  alt  to  th% 
•j  actor  nosalM. 


Coluflgi  B 

A«     PraMura  Ragulator  and 
Shutoff  Valva. 


Sarvna  aa  a  f^utoff  valva  for  tha  B. 
cabin  alv  conditioning  ayataa. 


Cauaaa  a  lol^»praaaura  araa  In  tha 
haat  axchangcr  rar  air  outlat. 


Opwad  only  vhan  tha  landing  gaar 
handla  la  in  tha  ga«r  down  poalti^n. 

Ragulataa  ayatam  air  praasura  it 

62  pal. 

tritnafara  haat  from  tha  blaad  air 
to  tha  tarn  air. 


Haat  Exchangar« 


C.  Ground  Cooling  EJ actor 
Shutoff  Valva. 

D.  Ground  Cooling  EJ actor 
Noazlaa. 


7.  Actuatad  by  air  praaaura  and  ^ 

conttollad  by  a  solenoid.  • 

Coaplata  tha  following  atataoanta. 

8*    Whan  tha  aolanold  of  tha  blaad  air  praaaura  ragulator  and  shutoff  valva 
la  anarglaad,  tha  valva  will    (opar/clcsa) . 

9.    Tha  aolenold  controla  tha  praaaura  ragulator  and  ahutoff  valva 
controlling  air  praaaura  to  tha  • 

10.    Tha  praaaura  ragulator  and  shutoff  valva  controla  air   

in  tha  air  conditioning  ays tarn,  and  alao  aarvaa  as  a   

valva • 
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Aifv  thm  air  1«  laltlally  cooUd  by  vb%  prlMty  ••ctlon  of  thm  hMt 
Mduoftt,  it  tl^y  to  tho  turbln*  MOMfely*  Tho  protour*  of  this  air  - 
vlll  b«  Mii0«d  by  tvo  t^fsty  dtvicM  which  protect  th«  systra  frooi  d«ipag« 
ciiu««4  by  txcMsivi  prtMur«. 

tbmMm  two  d«vliM  Ar«  thm  turblM  ovarspssd  prMsurs  twitch  (nunb«r 
4  in  tht  lUustrAtlon  b«loir)  and  th«  n::>tur«  disc  (auabsr  16).  Motlcs 
thm  locmtloa  of  thM«  two  coHpooratt  In  th«  llluntratloQ  b^low. 


Thm  purposs  of  th«     rbln«  ov«rsp««d  prMSur«  switch  Is  to  slsrt  ths 
pilot  of  sa  sxcssslvs  prttSsur«  condition  by  tumictg  on  s  wsmlng  light  in 
ths  cockpit.    Should  tbs  prsssurs  continue  to  build  up,  ths  rupturs  disc 
will  blow  out  (nipturs)  snd  rsllsvs  ths  sxcsssivs  prsssurs  ovsrbosrd. 

Fill  in  tbs  blanks  to  conplsts  ths  following  sts.smsnts. 

1,     Ths  two  safety  devices  that  are  used  to  protect  the  system  from  damage 

caused  by  excessive  pressure  are  the  turbine  overspeed  

 aud  the   


2.     Should  the  pressure  of  th^  air  going  to  the  turbine  become  excessive, 

the  turbine   ^  will  turn 

on  a  warning  light. 
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Tou  ahould  ir«C4ll  from  fraiMS  3  and  4  that  th€  pr€ttur«  r«gulator  and 
shutoff  valvtt  la  daaignad  to  kaap  praaaura  going  to  tha  turblna  aaaand>ly 
at  62  pal.    But,  If  tbla  unl(  Jalla,  tha  praaaura  could  axcaad  62  pal. 

If  tha  praaaura  gat  a  too  high  It  co\ild  cauaa  tha  turblna  to  ovarapaad. 
and  cauaa  daiuga  to  tha  haat  axchangar  or  ducting.  Hovavar,  thla  praaaura 
Incraaaa  vould  ba|  aanaad  by  tha  turblna  ovarapaad  praaaura  twitch. 

Tha  turblna  ovarapaad  praaaura  avltch»  ahovn  balow»  la  a  aaalad  unit 


Vfhan  tha  praaaura  r    chaa  100  pal,  tha  praaaura  switch  will  cooplata 
an  alactrlcal  circuit  turning  on  tha  Tlil^INE  OVERSPEED  warning  ll^t  In 
tha  cockpit.    Thla  will  tall  tha  pilot  that  tha  ayatam  praaaura  la  too  high. 


Tha  cauaa  for  tha  ayataa  praaaura  balng  too  high  could  be  a  fault  In 
tha  praaaura  ragulating  part  of  tha  praaaura  ragulator  and  shutoff  valva* 
Ic  would  not  ba  ragulating  ayatam  praaaura  at  62  pal,  but  lattlng  system 
praaaura  tjcca^d  100  pti  caualng  tha  switch  to  make  contact,  and  thus, 
turning  tha  warning  lli^t  ON. 

To  pravant  daaaga  to  tha  systam,  tha  pilot  miat  do  ona  of  two  things. 
Ha  can  raduca  tha  angina  throttla  aattlng  which  will  raduca  the  system 
praaaura t  or  ha  can  turn  tha  air  conditioning  ay^tem  off. 

Ramaabar,  that  tha  turblna  ovarapaad  praaaura  switch  does  not  prevent 
tha  turbine  from  ovarapaeding,  but  it  is  used  to  alert  ::he  pilot  of  an 
ovarapaad  condition* 

Fill  in  tha  blanks  to  complete  the  following  statetAints, 

1.      Whan  air  praasura  going  to  tha  turbine  assetDbly  reaches  100  psi,  a 
warning  light  la  turned  ON  by  tha  


2.  If  the  turbine  overapead  warning  11^ t  comes  ON,  damage  to  the  system 
Is  prevented  by  tha   reducing  the  throttle  setting, 

3.  Tha  turblna  ovarapaad  warning  li|^t  coming  ON  indicates  a  malfunctioning 
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Tha  rupturt  diac,  llluitrA4:«d  baloir»  U  4Mi|n«d  to  ruptura  at  100 
ptl.   Duriai  «ii*ov»rsp««d  cmdltlon  If  th«  tyatem  prMSurt  it  not  raducad 
MOB  wou^,  or  if  it  ennot  b€  rtducad  for  $cmc  rMSon,  and  prMaura 
coctiauM  to  build  up,  tha  ruptura  dlac,  will  ru^tura  at  100  pai  and 
allov  ayatn  praaaura  to  blaad  ovarboard  thru  tha  haat  axchangar* 


Tha  praaaura  buildup  voi&ld  ba  cauaad  by  a  malfunction  in  tha  ra^ulai^lug  ^ 
portion  of  tha  praaaura  ragirlator  and  ahutoff  valva« 

Thia  vould  'caquira  that  you.         ;.^latananca  man,  to  ramova  and 
raplaca  tha  praaaura  ragulator  and  ahutoff  valva  and  cha  ruptura  ciac. 

Nbta  in  tha  illuatration  in  frama  11,  that  whan  tha  diac  (16) 
rupturaa,  tha  ayntam  air  %dJ.l  flow  thru  a  duct  and  out  thrti  tha  haat 
axchangar  ram  air  outlat. 

Fill  in  tha  blanka  to  cotoplata  tha  following  atataml^nta. 

1.  If  tha  praaaura  of  tha  air  going  to  tha  turbina  ahould  axcMd  iOO 
pai,  tha   will  ruptura. 

2.  If  tha  ruptura  diac  ahould  ruptura,  tha  blaad  air  i5  dischargad 
thro\igh  tha  haat  axchangar  ,  • 
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Th«  air  thai:  floirs  froa  thm  hamt  txchtat^r  to  tha  turblna  aaaaafcly 
puaac  through  \  flov  llaitlnt  vanturl  (nuabar  5  In  tha  llluatratlon  ahc^) 


Tha  flow  linitlng  vanturl  sarvaa  two  rolat  In  tha  ay i tarn,  Flrat» 
tha  vanturl  itopa  aurgaa  fron  gattlng  to  tna  turblna  aaaai^ly  by  anoothlng 
out  tha  airflow  aa  It  paaaaa  through  tha  vanturl*  Sacond^  It  atopa  a 
co«plata  loaa  of  air  praaaura  If  tha  ruptura  dlac  ahould  fall*  Thla 
will  Inaura  aoM  air  praaaura  for  oparatlon  of  tha  auxiliary  air  ayataaa. 

Tha  flov  Halting  vanturl  la  ahovn  balow*    It  la  alallar  to  a  aactlon 
of  ducting  axcapt  that  part  of  thla  unit  la  aiaallar  (nota  tha  aadtlon 
vhara  arrow  "A'*  la  pointing).    Thla  la  callad  tha  throat  of  tha  vanturl. 


Bacauaa  tha  throat  la  aaallart  tha  vanturl  will  ctirb  (raatrlct)  tha 
aaount  of  air  that  can  paaa  through  It.  By  llialtlng  tha  alrflcv  through 
Itt  it  will  anooth  out  any  praaaura  aurgaa. 

fill  in  tha  blanka  to  cooplata  tha  following  atatanants. 

!•     Praaaura  aurgaa  ara  pravantad  front  raachlng  tha  turblna  aaaaiably  by 


Whan  tha  nxptura  dlac  rupturaa,  a  cooplata  loaa  of  upatraam  praaaura 
la  pravantad  by  ^ha  • 


liflO  All 


tha  flow 


18 


1301 

FraM  15 

Tb%  pftTtlAlly  cool«%i  air  tvom  th«  prtaary  sactlon  of  th«  h«at  •xch«ng«r 
flow  throush  tht  flow  Uniting  vanturl,  than  up  to  th«  cabin  4ual 
tiMwatura  mixing  vfL^va  (nuflA)a):  6  in  the  llluatratlon^balov) . 


Tha  cabin  dual  tanparatura  nLxlng  valva -contrula  tha  anount  of  hoc 
and  cold  air  going  to  cha  cockplc.    Locaca  thla  valva  in  tha  llluatratlon 
baloir,^ 

Notlca  that  thla  valva  la  a  dual  port  valya;  that  la,  It  haa  two 
porta  for  air  to  flov  through,    Motlca  on  tha  llluatratlon  that  air  can 
flov  frosi  tha  haat  axchangar  thrbu^  ona  of  tha  porta  to  tha  turblna 
aaaaably.    Thla  port  la  callad  tha  cold  air  port. 

Alao  notlca  that  airflow  froa  a  tapoff  (narkad  A)  on  tha  hot  air 
duct  can  floir.throu^  tha  oppoalta  port,  Thla  port  la  callad  tha  hot 
air  port. 

Whan  tha  cold  air  port  la  cloaad  and  tha  hot  air  port  la  opan,  all  of 
tha  alrflov  to  tha  cockpit  will  bypaaa  tha  haat  axchangar  and  turblna 
aaaaaibly*    Thla  provldaa  maiciaua  hot  air  to  tha  cockpit. 

Whan  tha  cold  air  port  la  opan  and  tha  hot  air  port  la  cloaad,  all 
of  tha  alrflov  to  tha  cockpit  f;Loira  through  tha  haat  axchangar  and  turblna 
aaaaably*    Thii  provldaa  maxlwna  cold  air  to  tha  cockpit. 

Whan  both  porta  ara  partially  opan  a  mlictura  of  hot  and  cold  air  la 
dallvarad  to  tha  cockpit. 

rUl  In  tha  blanka  to  conplata  tha  follo«d.ng  atatamanta. 

1.  Tha  unit  that  mlxaa  tha  ^t  and  cold  air  to  control  cockpit  tamparatura 
la  tha  cabin   

2.  To  obtain  aaxi mm  hot  air  for  tha  cockpit,  cha  cold  air  port  la 

^  (.cJ.oaad/opan) ,  and  tha  hot  air  port  la   

(doaad/opan) . 
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V   .  «t».t«i  by  th.  Mr.. 

^  .«„Hu- — ; 

tatcrtlr  ->»"  .  hot  ir  botc«£l, 

^     «.u  .i.  — 

■>•••  '^'"**'  „  th.  t«np.r.t«t.  cooKol 

.1  thl-  ^^^^^  .„t««.«.. 

„U  la  th.  bl»k.  to  co«Ut. 

,             bot.  po«.  o.  tb.  Cbi.  t..p.r.t«^ 
coonact*^  t>y  *  —  ' 
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from  thm  facts  you  faiasd  on  tlu  tralntr  aircraft  air  conditioning 
ayatWy  you  hava  no  doubt  fuaaaad  that  tha  turbina  aaaeably  (nvaabtr  7  in 
tha  Ul&tratlon  ^oim)  la  auch  tha  aasa  aa  cha  turbina  fan  aaaaably. 


Thla  la  half  tnia.    That  la,  it:  does  cool  air  by  rapid  axpanaion 
and  by  convartlng  haat  anargy  to  aariianlcal  aaargy.    But,  inataad  of 
having  a  fan  and  a  turbina,  thia  aaaaufcly  has  tvo  turbinaa.    It  haa  an 
axpanaion  turbina  (nvff^ar  17}  and  a  compraaaor  turbina  (nuoiber  18)  • 

Lat'a  uaa  tha  illuatration  jhovn  to  traca  tha  airflow  through  tha 
turbina  aaaaably  ao  that  wa  can  braak  dovn  thia  unit's  oparatlon. 

Tha  air  from  tha  prdLmary  aaction  of  tha  haat  axchangar  flows  through 
tha  co^)raaaor  turbina  whara  ita  praasura  is  incraasad.    From  tha  compraaaor 
turbina,  tha  air  flowa'  to  tha  aacondary  saction  of  tha  haat  axchangar,  and 
from  thara  to  tha  axpanaion  turbina « 

Aa  tha  air  floiia  through  tha  axpanaion  turbina »  tha  praasura  of  the 
air  win  causa  this  turbina  to  rotata  (turn).    Slnca  tha  expansion  turbine 
and  tha  compratsor  turbina  are  on  a  common  shafts  the  compressor  turbine 
also  rotates • 

Fill  in  tha  blanka  to  complete  the  following  statements* 

1.     Tha  turbine  aasenbly  consists  of  a  ^        turbine  and  an 

turbina. 

2«     Tha  air  flowing  through  the  compreaaor  turbine  is  from  the 

aecf.lon  of  the  heat  exchanger. 

3.     Tha  air  flowing  through  the  expauSion  turbine  is  from  the 

section  of  the  heat  exchanger, 
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It*s  Ivportcnt  to  not*  at  thl«  point  that  avan  though  tha  air  flows 
thru  tha  eonpraaaor  .urblna  first ,  this  doas  not  causa  tha  turblnas  to 
turn.    Tha  air  that  flows  through  tha  axpanslon  turblna  will  causa  tha 
turblnas  to  turn,  or  va  can  say  tha  axpanslon  turblna  drlvas  tha  compressor 
turblna. 

For  tha  asq^anslon  turblna  to  drlva  tha  comprassor  turbine »  It  must 
usa  anargy.    This  energy  la  In  tha  form  of  heat  energy  from' the  partially 
cooled  bleed  air. 

In  the  course  of  driving  the  turbines,  the  heat  energy  Is  changed 
to  mechanical  energy. 

By  ualng  tha  heat  energy,  the  temperature  of  the  air  that  flows 
through  the  expansion  turblna  Is  cut  down. 

In  addition  to  using  heat  energy,  the  pre*ure  of  the  air  is  rapidly 
decireaaad  (expanded)  which  also  helps  to  decrease  the  temperature. 

Through  this  process  of  converting  heat  energy  to  mechanical  energy, 
and  rapidly  expanding  the  air,  the  turbine  assembly  is  able  to  deliver 
extremely  cold  air  to  the  cockpit  if  It  is  needed. 

Fill  In  the  blanks  to  complete  the  following  statements. 

1.  The  coBupressor  turbine  Is  driven  by  the  • 

2.  The  turbine  assenbiy  cools  the  partially  cooled  bleed  air  by  rapid 

and  by  converting  energy  to 

^energy . 
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The  coBprwor  turbine  actixAlly  tfervM  ••vtral  purposes .  It 
cowr— thm  partially  coolad  air  from  tha  primary  saction  of  the 
haat  axehantar.    In  doing  so  It  puts  a  workload  on  tha  expansion  turbine. 
Tha  vorkload  i^as  tha  energy  f  roa  the  bleed  air  and  helps  to  keep  the 
turblnaa  fron  ovarspeading. 

The  trublne  assembly  is  illustrated  belov.    This  will  help  y^*^  to 
bacosie  familiar  with  the  axtamal  appearance  of  this  unit. 


Fill  In  the  blanks  to  complete  the  following  statements. 
1.     The  compressor  turbine  serv^  three  purposes,  they  are; 
a.      Helps  to  keep  the  turbine  from  


b.     Uses  energy  from  the  bleed  air  by  putting  a  

on  the  expansion  turbine. 

c#      Serves  to   the  partially  cooled  air. 
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You  may  be  wondering  vhy  the  compressor  turbine  is  used  to  compress 
the  elr  that  was  partially  cooled  by  the  primary  section  of  the  heac 
exchcnger.    Note       uie  illustration  shown,  that  air  from  the  primary 
section  of  the  heat  exchanger  1^  also  used  for  the  rain  removal  system. 

Uhen  the  rain  reioo^l  system  Is  at  work,  it  cause's  the  pressure  sol^g 
CO  the  turbirie  asseoibly  to  be  cut  down*    Alfo,  this  aircraft  is  designed  for 
operating  r.c  extremely  high  altitudes  where  th^  outside  pressure  is  very  low. 

When  the  outside  pressure  is  low,  the  air  that  comes  from  the  bleed 
air  system  will  also  be  l^v  and  could  be  less  than  the  normal  62  psi. 

For  an  expansion  turbine  to  work  efficiently,  it  needs  air  with  enough 
pressure  to  turn  it  at  very  high  RPMs.    If  the  pressure  should  become  too 
low,  this  would  not  be  possible.    This  is  where  the  compressor  turbine  comes 
In.    It  increases  the  pressure  so  that  the  expansion  turbine  will  operate 
efficiently. 

Of  course  when  the  pressure  is  increased,  the  temperatufe  is  also 
increased.    Notice  that  the  air  from  thej compressor  turbine  is  routed  to  the 
secondary  section  of  the  heat  exchanger ^ ere  its  partially  celled  again. 

From  the  secondary  section  of  the  heat  exchanger  it  goes  to  the 
expansion  turbine  for  final  cooling. 


Fill  in  the  blanks  to  complete  the  follc^ng  statements. 


1.  The  bleed  air  from  the  bleed  air  system  is  first  cooled  by  the 

  section  of  the  heat  exchanger. 

2.  After  the  bleed  air  is  cooled  by  the  primer/  section  of  the  heat 
exchanger  it  i**  compressed  by  the   

3.  The  air  from  w.ie  compressor  turbine  is  partially  cooled  by  the 

  section  of  the  heat  exchanger,  and  then  further 

cooled  by  the  . 
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Frame  20  (Cont*d) 

The  reason  for  conprMSing  the  air  with  the  compressor  turbine 
is  to  Increase  the  preesure  so  the  turbine  will 

operate  more  .  *  * 


Frame  21 

The  temperature  of  air  depends  on  the  position  of  the  cabin  d^oal 
temperature  mixing  valve.    Let's  follow  the  alrflgw  for  the  various 
tempsrature  condltious  on  the  illustration  s'aown. 


Vftken  maximum  cold  air  is  needed,  the  cold  air  port  opens  and  the 
hot  air  port  doses*.   This  will  cause  all  of  the  air  to  flow  through 
the  heat  exchanger  and  turbine  assembly  before  it  goes  to  the  cockpit. 
Note  the  path  of  air  flow  throtigh  the  heat  exchanger  and  turbine  assembly 
on  the  Illustration  shown. 

Whan  mavlmiim  hot  air  is  received »  the  cold  air  port  is  closed  and 
the  hot  air  port  ie  open.    This  will  cause  all  of  the  air  to  bypass  the 
heat  exchanger  and  turbine  assembly.    Note  the  path  of  airflow  from  the 
hot  air  duct»  and  through  the  hot  air  port  of  the  dual  temperature 
mixing  valve. 

Vlhen  an  "intermediate  temperature  selection  ±^  needed,  only  part  of 
the  air  will  flow  through  the  heat  exchanger  and  turbine  assembly.  Fart 
of  the  air  bypasses  these  units.    The  hot  and  cold  air  then  mixes  at 
point  "X,"  and  flows  from  there  to  the  cockpit.    The  arrows  on  the 
Illustration  below  shows  the  air  being  mixed. 

NO  RESPONSE  REQUIRED 
25 
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Ttamm  22 

M-rrh  th*  unit,  in  Colunm  "B"  with  the  atatemnts  given  in  Column 
Match  tha  unxta  »  v.oiui»«  „,„  .  uianka  provided. 

"A,"  l>y  pUclng  the  latter  from  Colum   B    in  tne  oj.uwu,  v 

Column  B 

«nd  a  co»prM8or  turbln*.  r 

2.   Motor  operated  dual  butterfly  B.     Rupture  disc. 

valve.  Turbine  assembly. 

3.  Snoothea  out  preaaure  surges.  limiting  venturi. 

4.   A  aafsty  device  to  reUeve  ^^^^^  ^^^^^  temperature 

exceaaive  preaaure.  ^^^^  ^^^^^ 

5  Senaes  an  overpressure  condition 

*   '  and  tuma  on  a  warning  light.  V 

Circle  the  nunibar  of  the  true,  statements.  , 
6.    The  turbine  assembly  cools  air  by  rapid  e^anslon  and  by  converting 

heat  energy  to  mechanical  energy. 
7     The  compreaaor  turbine  driy^he  expanaion.  turbine. 

will  b«  Open. 

t^lf.   «d':ir«c:Sir,  ..ctiou  of  tk.  h..t  .xch.n,.r. 
flotor. 
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FrAM  23 


TImi  cold  air  flovs  froo  thm  oxpanalon  turblna  to  a  watw  saparator 
(nuobar  8  in  tha  llluatratlon) .  Tha  vatar  aaparator  ranovaa  any  axcaaa 
aolatura. 

Tou  nay  ba  vondarlng,  why  la  it  aacakaary  to  raiiova  tha  axcaaa 
aolatura.    Cold  air  vlll  m>t  hold  aa  much  oolaturf  aa  hot  air.    Aa  a 
faaultv  vhan  air  la  coolad^  tha  vDlatura  will  tani  to  condanaa. 

Thla  coadanaad  aolatiir^  will  appaar  aa  a  mlat  or  fog,  or  avan  aa 
anov  If  tha  air  la  coolad  cloaa  to  tha  fraazlng  point.,  ?og  cooing  from 
tha  air  conditioning  cutlata  In  an  aircraft  can  ha  dangaroua  aa  It  may 
ba  mlatakan  for  amoka  an4  It  alao  would  maka  It  difficult  for  tha  pilot 
to  9aa. 


Fill  in  tha  blanka  to  coo^lece  the  following  statements. 

1.  £xcea8  moisture  is  retjoved  by  the  

2.  Tha  only  air  that  passec*  through  the  water  separator  is  the 
air  from  the  . 
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-  .  h.low     It  cont*iM  »  cond«n«or  Mi««bly 

^  ^":ai::*'Tu1.1h^  ia        .ch.«acic  in  f  Igur.  B.  of  cae 
«nd  a  byp*M  valva*    this  i» 


CONOiNSOR 
ASSCMSLY 


iYPASS 
VALVE 


COwD  A« 
FROM  EXPANSION 
TURBINE 

I.  nolfltitre  to  condense 

into  i«tt.r  '^^Pi*",^*" Jt^,'^,;,^fator  Sain. 

ovrboTd  through  th*  wt.r  .c^.r  eoadeasor  assembly 

-       Th-  btP«.«  v«lv«  viU  tlK"*  tl^dtrt  or  ice.    The  air  that 

.Ji^t^^denoor  becoii.  ob.tructed  due  to  ^rt^  i  ^  ^^^^^.^^ 

Sit^^efthrough  th3  c-"^^^  \lz 

Silt  of  w.t«.    The  ^nl^^c^wiU  for.  oq  the  cond.naor.  Should 

4,      m^sature  i«  below  freezing,        ^^""^  overcoming  the 

^  S^rtJ.  P'-"^*  'Si:L:".l^  clSed!    This  ViU  open  the 

^nSion  th.f.  holding  th.  byp^-  v.J^^  c^^^^^^ 

ffri  :f ^dftS^irrSSefthrc^oSeneor  become,  obstructed. 

•  '^Vu  in  the  bla^  to  co.Ute  the  folWng  statements.^  ^ 

1       The  water  eeparator  contain-  a   

val-^e. 


2. 


3. 


Fr«M  25 

Und«r  nonud  condltiotia,  th«  bypus  valv*  would  stay  clotad  M  the 
Mter  Mpmrator  tystta  IncorpormtM  an  ant  1- icing  ays  tarn  to  pravaot  ica 
txam  cloggiAt  tha  condanaor  aajaably* 

Tha  vatar  aaparator  anti*lca  ayatam  la  ahovn  in  tha  illuatratioi? 
balov.    Thla  ayataa  iodudaa  an  anti*-ica  valva  (n\0bar  9),  an  anti-rica 
controllar  (nu:^ar  10) ,  and  a  lag  chanbar  (numbar  11) . 


The  Mnti-lca  valve  opena  »-o  allow  soma  warm  air  to  enter  the  water 
aaparator  wheuevnr  ice  starts  to  form  on  the  water  separator  condenaor. 
NotJue  the  path  of  airflow  through  the  antl-lce  valve. 

The  anti-ice  controller  senses  the  icing  condition  and  controls  fhe 
opening  and  closing  of  the  anti--ice  valve* 

The  lag  chamber  alda  in  smoother  operation  of  the  anti^ice  valve 
by  absorbing  irapid  fliictuatlons  in  pressure. 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.      The  water  separator  anti-Ice  system  consists  of  an  anti-Ice 

 i  and  anti~ic3   ,  and  a  lag  chamber. 
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Ptmm  25  (Cont'd) 

2.  Th«  «nti-lc«  ■y»t««  pr«v«nts  cloggitg  of  ch«  wat«r  ••parator 
by  allowing  .  *lr  to  antar  tha  watar  aaparator. 

3.  Tha  partially  coo lad  (warm)  air  uaad  for  watar  laparator  anti- 

icing  is  takan  from  tha  aaction  of  tha  haat 

axchangar . 


J 
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FraoA  26 

Tha  UluftrAtion  b«lov  thovs  the  vat«r  ••paratot  and  cha  antl-lca 
ayatn.    Nota  that  thla  ayataa  ia  oparatad  pnauaatically.    Nov  lat's  trace 
the  alrflov  through  the  tTratea  to  aae  how  the  anti-ice  valve  will  be 
opened  and  doaad. 


The  «nfrlHLca  valve  actuator  has  two  diaphragni3,  an  opening  diaphragm 
(top)  and  a  doaing  diaphragm  (bottom) . 

31 


26  (Coat'd) 


th*  9timtj  taction  of  of  th.  opening 

controUar.  rontrolUt*    1^  the 

 1      4  ■  oo«rat«a  .  ■ 


1. 
2. 
3. 


r^..r     — ^'  - 

 '  ,    „ti.lc.  controller  is  open,  the  entl- 

If  the  cotitrol  velv  m  the  ""^^.^/eioeed) . 
ice  velve  will  be  ^  
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FraiM  27 

MOV  lat's  M  hmr  thm  Wntroll«r  will  tmoMm  ic«  to  dirtct  tht  opting 
and  clMdLnt  of  tht  antl->lc«  valvt.    Note  the  points  marked  0  and  X  the 
Mter  eaparator  Uluatration  ah'^wn.    These  are  sensing  lines* 


ANTi^tCf 
VAlVf 


The  line  marked  I.  will  sense  inlet  pret^sure  and  the  line,  marked  0 
will  sense  cutlet  pressure.    If  there  is  no  restriction  (no  ic*»> ,  the 
pressure  in  these  two  sensing  lines  will  be  the  same* 

How  look  at  the  alaphragm  inside  the  contrcxxer.    The  diaphragm 
controls  the  position  of  the  control  valve  which,  in  turn,  controls 
the  pressure  on  the  opening  diaphragm  of  the  anti*-ice  valve. 

With  the  sai&e  pressure  in  the  two  sensing  lines,  the  pressure  chat 
cones  in  the  controller  will  also  be  the  same  on  each  side  of  the  diaphragm. 
Now  note  that  the  inlet  pressure  also  goes  to  the  lag  chamber. 

The  lag  chamber  has  a  small  bleed  port  (vent)  where  the  inlet  pressure 
can  vent  overboard.    This  will  result  In  a  lower  pressure  on  the  top  of  the 
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Tfm  27  (Cont'd) 

oootrolUr  dUphtasoi.    Th«  outlet  prM«ur«  will  £orc«  the  diaphragm  up 
boldlas  th«  control  valvn  open.    Thl«  v«it«  th«  prnsiure  from  the  opening 
dl«pbras».  keeping  the  eati-ice  valve  doeed. 

Fill  In  the  blank*  to  coaplete  the  following  atateoente. 

1«     The  anti-ice  controller  aenaea  icing  o£  the  water  aeparator  by 
aanaing  a  difference  of   in  the  wate.-  aeparator. 

2.     If  the  water  aeparator  inlet  and  outlet  preaaurea  are  equal,  the 

control  valve  in  the  anti-ice  controller  will  be   (open/ 

eloaed)  and  the  anti-ice  valve  will  be   .  (open/cloaed) . 
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Frtmt  28 

Vbma  icm  fpr^s  cm  th%  condansoti  tht  flow  of  air  through  the  water 
separator  vlll  be  restricted •    This  will  cause  the  inlet  pressure  to 
becoM  greater  than  the  outlet  pressure. 

The  hli^er  Inlet  pressure  will  force  the  controller  diaphragm  iown 
which  vlll  whv^  the  control  velve  down*    This  stops  the  venting  of  air 
fro«  the  anci*lce  valve  opening  diaphragm. 

The  pressure  buildup  on  the  opening  diaphragm  will  ope^  the  anti-  ice 
valve.    The  valve  %rlll  stay  open  until  the  ice  is  removed  and  the  pressure 
In  the  vater  separator  equalises. 

The  Illustration  below  shows  the  anti-ice  controller  and  anti-ice 
valve  as  It  would  be  with  Ice  on  the  water  separator  condensor. 


LAG 
CHAMiER 


ANTi'lCC 
VAIVI 


Fill  In  the  blanks  to  complete  the  following  statements. 

1.  If  the  water  separator  inlet  pressure  is  gresuer  than  the  outlet 
pressure,  it  will  cause  the  anti-ice  valve  to   (open/close) . 

2.  During  operation  of  the  air  conditioning  system,  when  full  cold  is 
demanded 9  excessive  moisture  (fog  and  snow)  comes  from  the  air  outlets. 
This  Indicates  a  defective  anti-ice   ^  or  anti-ice  . 

It  the  water  separator  anti-ice  system  fails  to  operate  and  allow  ice 
to  accumulate  on  the  condenser,  the  valve  will  open  to 

allow  airflow  to  the  cockpit. 
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FraaA  29 

Th*  cold  air  frOT  the  water  separator  will  mix  with  hot  air  from  the 
dual  temperature  mixing  valve  and  then  flow  to  the  cockpit.    The  air  that 
flowe  to  the  cockpit  flows  through  a  Cabin  Air  Inlet  Valve  (number  19  In 
the  Ulustratlon  shown)  and  a  Foot  Heat  Md  Defo&  Valve  (number  20) . 


PIOM  COlO  POST 
fiXPANSlON  TUllINf 
AND  WATER  SEPARATOR 


FtOM  HOT  POIT  DUAl 
TfMP  MIXING  VAlVf 


These  ^o  valves  are  controlled  by  the  Foot  Heat  and  Defog^  Lever 
(nianber  24  in  the  Illustration) . 

The  cabin  air  Inlet  valve  controls  the  amount  of  air  going  to  the 
aft  cockpit  diffuser  (number  21). 

The  foot  heat  and  defog  valve  controls  the  air  going  either  to  the 
foot  h*at  outlets  (number  22)  in  the  forward  cockpit  or  to  the  windshield 
def ogging  tubes  (number  23) . 

Find  these  parts  in  the  illustration  shown  and  note  the  path  of 
airflw. 

When  windshield  def  ogging  is  required,  the  cabin  air  inlet  valve 
restricts  tho  airflow  going  to  the  aft  cockpit.    The  foot  heat  and  defog 
valve  directs  the  air  to  the  windshield  and,  at  the  same  time,  reduces 
the  airflow  to  the  foot  heat  outlets. 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.  Hie  unit  that  controls  the  amount  of  air  going  to  the  aft  cockpit 
olffuser  is  the  valve, 

2.  The  unit  that  directs  the  air  to  either  the  foot  heat  outlets  or  the 

defoggi  g  tubes  is  the    .  

valve . 
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Thm  cabin  air  inl«t  valva  and  the  foot  heat  and  defog  valve  are 
connected  to  one  nanual  control  lever  by  mechanical  linkage*  This 
lever  la  called  the  Foot  Heat  md  Defog  Lever > 

The  foot  heat  and  defog  lever  hM  two  poaltiona;  they  are  the  FOOT 
HEAT  poeltlon  and  the  DEFOG  poaitlon. 

The  Uluatratlon  belov  ahowa  the  valves,  lever »  and  laechanlcal 
linkage. 


mOM  AIR  COMQlTKjMMt  STSTCM 


Fill  in  the  blanks  to  complete  the  following  statements. 

1.  The  poflitiona  of  the  foot  heat  and  defog  control  lever  are  

2.  The  foot  heat  and  defog  valva  and  the  cabin  air  inlet  valve  are 
connected  to  the  sane  control  bv   ^_  linkage. 

3.  The  foot  heat  and  defog  control  lever  controls  the  foot  heat  and 
defog  valve  and  the  valve. 
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FraoM  31 

If  th«  »lr  conditioning  system  falls  to  work  while  the  aircraft  is 
in  flight,  the  pilot  imiat  have  a  means  of  receiving  ventilating  air. 

It  shotild  be  brought  to  mind  that  on  the  trainer  aircraft  air 
conditioning  system  a  ram  air  valve  was  used  for  this  purpose. 

A  ram  air  valve  (number  25  In  the  illustration  below)  is  also  used 
on  the  filter  aircraft  for  this  purpose. 
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Frame  31  (ConC*d) 

Vbma  the  m  elr  valve  la  open,  tho  cabin  air  conditioning  ays  tea 
li  turned  off*    Vben  the  ram  alv  valve  la  doaed,  the  cabin  air  conditioning 
ayatea  la  on. 

The  eaeraency  vent  knob  (number  26)  controla  the  ram  air  valve  and 
aiao  the  on  and  off  action  of  the  cabin  air  conditioning  ays tern. 

Fill  In  the  blanka  to  complete  the  following  atatemenca* 

1.  When  emergency  ventilttlon  of  the  cockpit  is  deaired,  the 

valve  can  be  opened . 

2 .  The  ram  air  valve  la  controlled  by  the   • 
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Uluatraticm  "A^'  shows  the  xea  sir  valvs.    This  valvs  ii  sctuatsd 
aschsnlcally  by  a  cab  Is  coanectsc.  to  ths  emrgsncy  vsnt  knob* 


Whan  the  energancy  vant  knob  is  pulled  out,  it  opens  the  rs^  air  valve 
and  also  actuaras-  a  switch  which  shuts  off  the  cabin  air  conditioning  system. 

Illustration.  "B"  ^ows  the  switch  as  it  is  installed  on  the  v^lve. 
Whan  tha  enargenny  vant  knob  is  pushed  in,  the  rsm  air  valve  clcses.  This 
also  cooplat33  a  circuit  through  the  switch  to  operate  the  air  conditioning 
systaffi. 
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FraiM  32  (Cont'd) 
Fill  In  th«  blanks  to  cotiplftC*  the  following  statemsncs. 
1.     The  r«a  «lr  velve  Is  controlled  by  the  . 

 • 

2e     Tlui  •witch  an  tht  raa.  air  valv«  controls  the   - 

•yst«m. 

3*     When  the  taergency  vent  knob  is  pulled  out,  the  air  conditioning 
system  will  be  (on/off). 
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The  #aiiergeacy  vent  knob  serves  as  the  master  control  for  the  air 
conditioning  and  ventilation  systems. 

Recall  frotti  frame  A  v  lat  the  pressure  regulator  and  shutoff  valve 
is  controlled  by  a  solenoid. 

When  the  emergeucy  vent  knob  is  pushed  iz.  the  switch  on  the  ran 
air  vslv4  directs  28-volts  DC  to  energira  this  solenoid. 

When  the  emergency  vent  knob  is  pulled  out,  the  switch  disconnects 
the  electric^^l  pwer  from  the  solenoid. 

Notice  this  control  circuit  in  the  illustration  below. 


RAM  Alt  VALVE 
SUmtFlY  SHAFT 


28  VOC 

MISSUte  ICGUlATOt 
AND  SMUTOFP  VAtve 
CONTtOl  SWITCH 


ftfSSURC  tEGUl\T0» 
AND  SHUTOFF  VALVE 
CONTROL  SOLENOID 


Ble^d  Air  Pressure  Regulator 
and  Shutotf  Valve 
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Frame  33  (Cont'd) 

Remmber,  when  the  solenoid  is  energized  the  pressure  regulator  and 
shutoff  valve  is  open,  and  when  the  solenoid  is  de-energized,  the  valve 
closes • 

Fill  in  the  blanks  to  complete  f.he  following  statements. 

1.  Tm  switch  on  the  ram  air  valve , controls  the  air  conditioning 

system  by  controlling  the    on  the  pressure  regulator 

and  shutoff  valve. 

2.  Wl  h  air  pressure  in  rhe  bleed  air  system  and  the  emergency  vent 
control  knob  pushed  in,  the  bleed  air  pressure  regulator  and 
shutoff  will  be   (open/closed). 

3.  The  solenoid  on  the  bleed  air  pressure  regulator  and  shutoff 
valve  is  controlled  by  a  switch  activated  by  the  
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Match  the  units  listed  in  Column  ''B"  with  the  statements  given  in 
Coluian  "A"  by  placing  the  letter  from  Column  *'B'*  in  the  blanks  provided. 


1. 


2. 


3, 


4, 


5. 


6. 


7. 


Column  A 

Controls  the  ram  air  valve  and  A* 
the  pressure  regulator  and  shut- 
off  valve • 

Allows  ram  air  to  enter  the  cock-  C. 
pit  for  emergency  ventilation. 

D. 

Senses  an  icing  condition  in  :he 
water  separator.  E, 

Opens  to  direct  warm  air  to  the  F. 
water  separator  for  ice  removal. 

G. 

Raittoves  excess  moisture  from  the 
conditioned  air. 

Directs  the  conditioned  air  to 
either  the  foot  heat  outlets  or 
the  defog  tubes. 

Directs  conditioned  air  to  the 
aft  cockpit  outlets  when  the 
control  lever  is  in  the  foot 
heat  position. 


Column  B 

Cabin  air  inlet  valve 
Foot  hern  and  defog  valve 
Water  separator 
Ant i- ice  valve 
Anti-ice  controller 
Emergency  vent  knob 
Ram  air  valve 
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Frame  35 


Tha  unlta  daacribad  In  cha  pracadi&g  frame   were  alther  used  Co 
condition  the  bleed  air  or  to  c*mtrol  the  bleed  airflow  for  sonie  specific 
purpoae.    The  cabin  dual  teoperature  olxlng  valve  controls  the  mixing 
of  hot  and  cold  air.    But,  bow  does  the  pilct  actually  control  this  valve? 

Under  normal  conditions  the  pilot  only  has  to  select  the  ten^e^ature 
he  desires  and  the  control  system  will  automatically  control  the  valv3« 
However,  tl^re  are  provlf^ions  for  the  pilot  to  manually  control  the 


The  two  methods  of  controlling  the  terjperature  of  the  air  en.  ring 


Fill  in  the  blanks  to  complete  the  following  statements • 


The  temperature  control  valves  control  temperature  by  mixing 


and   air. 


the  cockpit  are 


or 
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Th«  Illustration  b^lcr^  shovfx  a  scheoatic  diagran  of  the  temperature 
control  system.    This  systeai  consists  of  the  following  components.  The 
numbers  correspond  to  the  :iumbers  on  the  diagram. 

1.  Temperature  Control  Panel 

2.  Temperature  Selector  (rheostat) 

3.  Temperature  Control  Switch 
A.  Cabin  Temperature  Sensor 

5.  Cabin  Manual  Temperature  Limlter 

6.  Cabin  Dual  Temperature  Mixing  Valve 


NO  RErPOPSE  REQUIRED 
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The  c«»p«rature  control  panel  Is  the  main  controlling  '^^^t  in  this 
system.    It  controls  the  temperature  of  the  air  entering  the  cockpit « 
The  temperature  control  pcnel  r^hown  cot:^a|.n8  the  tenperature  control 
switch,  temperature  selector  switch,  and  a  magnetic  amplifier  type 
temperature  controller,    (The  magnetic  amplifier  circuit  is  the  same 
one  you  studied  in  the  lesson  on  magnetic  amplifiers.) 


TEMPERATURE  SELECTOR  TEMPERATURE  CONTROL 

SWITCH  SWITCH 


The  temper&ture  control  switch       used  to  select  the  mode  of  operation. 
The  modes  of  operation  are  AUTO  and  MANUAL.    The  switch  has  four  posxtic^us; 
AUTO,  MANUAL  HOT,  MANUAL  COLD,  and  OFF.    The  temperature  selector  s  Itch 
is  used  to  selact  uhe  desired  temperature  duriug  automatic  operation. 

Fill  in  the  blanks  to  ccnuplete  the  following  statements. 

1.     The  temperature  controller,  temperature  selector  switch »  and 
temperature  control  switch  are  each  part  of  the   


2.      The  temperature  control  patiel  controls  the  temperature  for  the 


3.      When  the  temperature  control  switch  Is  in  AUTO  mode,  the  desired 

temperature  can  be  selected  by  using  the   

switch. 
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Tbm  tioperditure  selector  svltch  U  used  to  select  the  te]q)erature 
for  th^  cockpit.    Remeaber  teoperature  selectors  are  actually  variable 
resistors,  and  are  frequently  called  "temperature  control  rheostats." 
This  unit  is  illustrated  below. 


Fill  in  the  blanks  to  complete  the  following  statements- 

1.  The  temperature  selector  switch  consists  of  a   . 

2.  The  temperature  selector  switch  is  used  to  select  the  temperature 
for  the  
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To  control  cockpit  temperatura  automatically,  reqtxires  a  means  of 
eenelng  the  air  temparature  •    Thla  la  the  purpose  of  the  cabin 
temperature  sensor • 

The  sensor  is  located  in  the  cabin  atr  inlec  valve  (refer  to  f jame  30) . 
It  senses  the  te»perat\ire  of  the  air  entering  the  cockpit. 

The  cabin  temperature  sensor  and  the  cabin  rheostat  each  form  a  part 
of  the  cabin  temperature  control  bridge  circuit. 

The  cabin  sensor  has  a  negative  coefficient  of  resistance.  An 
Increase  In  air  temperature  causes  a  decrease  in  sensor  resistance. 

ThlSt  in  turn,  sets  up  a  signal  on  the  bridge  circuit  that  win 
cause  the  temperature  control  panel  to  position  the  cabin  dual  temperature 
mlslng  valvo  for  more  cold  air. 


Pax  Increase  in  sensor  resistance  will  call  for  hot  air.  The  cabin 
sensor  Is  shown  In  the  Illustration  below. 


Fill  in  the  blanks  to  complete  the  following  statements. 


1.  A  decrease  in  air  temperature  at  the  cabin  air  inlet  valve  will 
caxtae  the  cabin  ten5>erat;ire  B^neor  resistance  to   • 

2.  When  the  temperature  of  tb^  air  eutaring  the  cockpit  changes,  the 


Cabin  Temperature  Sensor 


sends  a  sign^J.  to  the 


ten^erature  control  panel. 


3. 


The  cabin  sensor  has  a 


coefficient  of  resistance. 
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Uhlla  In  normal  operation  th%  cockpit  temperature  Is  controlled 
automatically*    However «  If  the  automatic  system  falls,  the  pilot  can 
control  the  system  manually* 

In  manual  operation  If  more  cold  air  is  needed,  the  pilot  holds 
Cho  temperature  control  svltch  to  manual  cold*    This  will  cause  the 
cabin  dual  teverature  mizlng  valve  to  move  toward  closed. 

If  more  hot  air  la  needed,  the  pilot  holds  the  te^j^erature  control 
mrttch  in  manual  hot  which  will  cause  the  cabin  dual  temperature  mixing 
valve  to  ]ft>ve  toward  open. 

When  manuiJ.  hot  Is  used  it  is  possible  to  cause  an  excessive  ampunt 
of  hot  air  to  flow  through  the  system.    This  in  turn  could  cause  damage 
within  the  system  due  to  overheating. 

k  safety  device  is  used  to  prevent  this.    This  unit  is  the  cabiu 
ii^ttAi  teaparature  llmiter*    I*:  is  a  normally  closed  thermoswitch. 
This  part  la  shown  below. 


Cabin  Manxial  Temperature  Limiter 

Tha  switch  contacts  are  closed  under  all  normal  conditions*  But, 
should  tha  teoperature  of  the  air  flcwing  through  the  air  conditioning 
ducting  exceed  a  preset  temperature  (22Q''F),  then  the  switch  contacts 
will  open.  This  openj  the  electrical  circuit  going  to  the  hot  side  of 
tha  cabin  dual  teiperature  mixing  valve.  This  will  stop  the  valve  from 
going  any  further  toward  hot.  The  valve  will  only  run  toward  the  cold 
poaitlon . 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.  During  manual  operation,  if  more  cold  air  is  desired,  the  pilot 

oust  hold  the  switch  to  MAMUAL 

COLD. 

2.  Th;%  unit  that  prevents  tho  system  from  becoming  too  hot  during 
manual  operation  is  tha  cabin  
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Match  th«  units  list«d  in  Column  "B"  irith  th«  statements  given 
in  Column  "A."    PLice  the  letter  that  corresponds  to  the  unit  in  the 
blanks  provided  in  Column  **A.'* 


1. 


4. 


5. 


Column  A 

Used  to  select  either  AUTO  or 
MANUAL  modes  for  controlling 
temperature. 

Used  to  select  the  desired 
temperature  during  AUTO  mode. 

Contains  a  magnetic  amplifier 
type  tempeiature  controller. 

Senses  cockpit  temperature 
during  autcmatic  operation. 

Prevents  the  cabin  air  condi- 
tioning system  from  becoming 
too  hot  during  manual  operation. 


6.           ^    Controls  the  mixing  of  hot  and 

cold  air  for  cockpit  temperature 
control. 


Column  B 

A.  Temperature  Control  Panel 

B.  Temperature  Selector 
Switch 

C.  Temperature  Control 
Switch 

D.  Cabin  Temperature  Sensor 

E.  Cabin  Manual  Temperature 
Limit  er 

F«      Cabin  Dual  Temperature 
Mixing  Valve 
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The  preceding  frames  on  temperature  control  have  described  the 

temperature  control  components  and  given  their  purpose.    The  electrical 

circuits  for  conurol  of  this  system  will  be  given  in  the  next  text. 

As  you  work  with  the  temperature  control  system  you  should  be  aware 
of  the  difference  between  the  manual  temperature  control  system  and  the 
automatic  temperature  control  o/atem. 

What  is  this  difference?    The  automatic  temperature  control  system 
consists  of  the  following  components:    Temperature  control  panel  (tempera- 
ture controller  and  rheostat),  and  the  temperatnre  sensor.  These 
components  control  the  cabin  dual  temperature  mixing  valve  only  during 
automatic  operation. 

When  using  manual  n»de,  the  temperature  mixing  valve  is  controlled 
directly  by  the  temperature  control  switch.    The  cabin  dual  temperature 
mixing  valve  is  the  only  common  component  to  both  the  AUTO  and  MAIWAL 
systems. 

In  other  words,  the  automatic  and  manual  systems  work  independently 
and  problems  in  one  system  do  not  necessarily  affect  the  other.    This  will 
be  an  important  point  to  remenfcer  when  you  start  performing  sys-tem 
troubleshooting  in  your  next  lessons. 

NO  RESPONSE  REQUIRED 
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B«for«  continuing  with  this  lesson.  Inform  your  Instructor  that 
you  mrs  Rolng  to  ths  lab  to  look  at  the  trainer.    Now,  report  to  the 
lab.    Inform  the  i9b  instructor  that  you  would  like  to  look  at  trainee' 
3305,  ?-4C  Environmantal  Systems*    Using  this  trainer,  perform  the  steps 
listed  b«JLow. 

1*     I«ocate  the  following  items* 
^  a*     Bleed  Air  Pressure  Regulator  and  Shutoff  Valve* 

b«      Ground  Cooling  Ejector  Shutoff  Valve* 
c.     Turbine  Overspeed  Pressure  Switch* 
d«      Cabin  Dual  Temperature  Mixing  Valve, 
e*      Foot  Heat  and  Defog  Valve* 
f.      Eitiergency  Vent  Knob. 

g*      Ram  Air  Valve  (Emergency  Vent  Air  Inlet  Valve). 
h«      Temperature  Controller* 

(1)  Temperature  Control  Switch* 

(2)  Temperature  Selector  Switch* 
1.      Cabin  Temperature  Sensor* 

J*      Cabin  Manual  Tesaperature  Limiter* 
k.      Foot  Heat  and  Defog  Lever* 

Note:    (fere  you  able  to  loc  te  each  item?    If  itot>  asl;  the  lab 
Instructor  for  assistance. 

2.      Trace  the  airflow  for  cabin  air  conditioning* 

a*      Start  in  the  lower  left  comer  and  trace  from  the  air  source 
to  the  bleed  air  pressure  regulator  ai^d  shutoff  valve*  From 
the  shutoff  valve,  trace  the  airflow  to  the  ground  cooling 
ejector  shutoff  valve  and  to  the  main  heat  exchanger* 

b.      From  the  heat  exchanger  fallow  the  orange  line  going  to  the 
pressure  switch,  through/the  flow  limiting  venturi,  through 
the  cabin  dual  temperatiflre  mixing  valve  and  to  the  cooling 
turbine  assenibly*    This        is  entering  the  compressor  turbine* 

c*      From  the  co'^ressor  turbine  follow  the  red  line  to  the  heat 
exchanger  and  the  orange  line  back  to  the  expansion  turblnt:. 
This  path  provides  cold  air. 
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d.      Go  back  to  the  pressure  regulator  and  shutoff  valve.  Trace 
the  dark  red  line  going  to  the  cabin  dual  temperature  mi^xlng 
valve  hot  air  port.    Trace  airflow  from  the  oaxing  valve  to 
the  point  where  the  air  from  the  hot  air  port  and  the  air 
from  the  expansion  turbine  join  (mix).    Tlie  air  flowing  from 
this  point,  through  the  blue  line,  goes  to  the  cabin.*  This 
Is  teiaperature  controlled,  conditioned  air. 

e*      Trace  the  blue  line  to  the  cabin  air  inlet  valve.    From  here 

the  air  can  flow  to  the  aft  cockpit  diffuser  and  to  the  forward 
cockpit  foot  hv*,at  outlets.    If  the  foot  heat  and  defog  lever 
Is  positioned  to  the  DEFOG  position  (rlg^it)  the  air  will  flow 
through  the  windshield  and  canopy  defog  ducts  only. 

4.      Before  answering  the  questions  below,  report  back  to  your  classroom. 

Place  a  T  (True)  in  the  blanks  to  indicate  which  statementp  are  True, 
and  an  F  (False)  to  indicate  a  false  statement. 

a.    The  ram  air  valve  is  actuated  by  the  emergency  vent  knob. 

b  >    The  switch  located  on  the  ram  air  valve  controls  the  bleed  air 
pressure  regulator  and  shutoff  valve  solenoid. 

c.    The  foot  heat  and  defog  lever  actuates  the  butterflies  in  the 
cabin  air  inlet  valve  only. 

  d.    The  pressure  regulator  and  shutoff  valve  Is  actuated  by  a 

pneumatic  actuator. 


54  ^0 


Frame  44 


Part  I 


Ualng  Che  illustration  on  foldout  nunber  1,  (attached  no  the  back  of 
this  text),  match  the  names  of  the  components  listed  below  with  the. 
cooponents  shown  on  the  illustraition.    Place  the  letter  that  identif.es 
the  component  in  the  blank  sp«ce  provided  opposite  the  name. 


1. 


4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 


Ground  Cooling  Ejector  Nozzle  - 

Trtiblne  Overspeed  Pressure  Switch 

Cabin  Dual  Temperature  Mixing  Valve 

Pressure  Regulator  and  Shutoff  Valve 

Ground  Cooling  Ejector  Valve 

Rupture  Disc  (location) 

Wat&r  Separator 

Foot  Heat  and  Defog  Valve 

Anti-ice  Controller 

Anti-ice  Valve 

Compressor  Turbine 

Expansion  Turbine 

Ram  Air  Valve 

Lag  Chamber 

Flov  Limiting  Venturi 

Heat  Exc*  ^ger  (primary  section) 

Heat  Exchanger  (secondary  sectiori) 

Cabir  Air  Inlet  Valve 
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Part  II 


Uaing  foldout .number  I,  natch  the  component  with  it's  operation  4s 
given  belov*    Place  the  letter  that  Identifies  the  component  la  the  blwk 
apace  opposite  the  statements. 

1.    Through  the  use  of  solenoids,  diaphragms,  and  air  pressure.  It 

%  regulates  air  flow  going  to  che  air  conditioning  system  at 

62  psl.  f 

2.  '^^  ^    It  .has  one  motor  that  positions  ^two  butterflies  In  response  to 

temperature  changes  thereby  controlling  the  mixing  of  hot  and 
cold  air  for  cockpit  use.'  * 

3.  .A  butterfly  valve  that  is  moved  by  laechanic^al  linkage  to  the 

y  .    open  position  when  emergency  ventilating  air  is  needed.  * 

^  '  .  ) 

4.    Made  up  of  several  small  outlets  that  will  cause  engine  bleed 

air  to  create  a  low  pressure  area  in  the  heat  exchanger  ram 
air  exhaust  and  increase  the  ram  air  flow  across  the  heat 

.  ^  exchanger* 

5.  -'^  Uses  the  principle  of  decreasing  air  pressure  and  increasing 

air  velocity  across  it's  throat  to  stop  air  surges  going  into 
the'  turbine  and  prevent  a  complete  loss  of  air  flow  if  the 
rupture  disc  cracked  open. 

6.    A  butterfly  valve  controlled  by  diaphiragms  and  operated  by  air 

pressure  to  the  open  position  to  prevent  free&ing  of  the  water 
aeperatorr 

7.    A  notor  operated  butterfly  valve  tha**  will  be  opened  when  the 

landing  gear  are  down  to  allow  bleed  air  to  flow  through  the 
ground  ejector  nozzles.  — 

8.   J\    A  butterfly  valve  that  is  opened  by  mechanical  linkage  to  let 

a|r  into  the  aft  cockpit  dlft'user. 
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Correct  Respons/s  to  the  Frames 


Frame  1 

1.    vlndehleld,  canopy 
2 •  ^  electronic 
3.  crew 
4* '  engines 

Frime  3 
.  1*    shutoff  vjalve 
2*    pressure  regulator 

Fraune  4 

1.  solenoid 

2*    air  pressur^i 

3.  '   air  pre^ure,  electrical 

4.  ,  pressure  regulator 

shutoff  valve 

Frame  5 

1 •    p  r Imary ,  secondary 

2.  prlmaty 

^^ame  6 

1.  cockpit,  rain 

2.  ram 

3.  sesPndary 

Frame  7 

1.    ejector  valve  ^ 
'«2.    shutoff  valve »  nozzle 

Frame  8 

1.  ejector  shutoff  valve 

2.  landing  gear  handle 
3»  down 

Friuse  9 

1.  bleed 

2.  low  pressure 

Frame  10 

1.  C 

2.  A 

3.  D 

4.  C 

5.  A 


6.  B 

7.  A 
3 .  open 

9..  pneumatic  actuator 

10.  pressure,  shutoff 


Frame  11 

1.  pressure  switch^, 
disk 

2.  s  overspeed  pressure  switch 
Fram^i  12 

1.  turbine  overspeed  pressure 
switch  -4 

2.  pilot 

3.  bleed  air  pressure  regulator 
and  shutoff  valve 


¥lmM  13 

1.  rupture  disc 

2.  ram  air  outlet: 


Frame  14 


1*  limiting  venturl 

2.  flow  limiting  venturl 

Frame  13 

1.  du&l  temperature  mixing  valve 
2.,  closed,  open 

Frame  16 

1*  hot,  cold 

2*  motor 

3.  mechanical  linkage 


Frame  17 
1. ,  conqpressor, 
2.  primary 
3*  secondary 


expansion 


ch^nical 


Frame  18 

1«  expansion  turbine 
2*  eidpinsion,    heat,  me 

Erai^l9 

1.  a.  overspeeding 
b,  workload 

c«  compress 

Frame  21 
1*  primary 

2.  compressor  turbine 

3*  secondary,  expansion  turbliie 
4.  esqpansion,  efficiently 


11.  T 


Frame  22 

1.  C 

6. 

T 

2.  E 

7. 

F 

3.  D 

8. 

T 

4.  B 

9. 

F 

5.  A 

10. 

T 

Frame  23 

1.  water  separator 

2,  cold,    expansion  turbine 

Frame  24 

1«  condensor,  bypass 

2.  spring  tension 
3i  air  pressure 

Frame  25 

1^  controller,  valve 
2«  warm 

3.  primary 
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1.  pnevuBAtically 

2.  ftnti-tfce  controller  ' 

3.  closed  ^ 

Frame  27 

1,  pressure 

2.  opertf^  closed 

Frame^28 

1.  open 

2.  '   valve,  controller 

3.  bypass 

Frame  29^ 

1.  cabin  air  inlet 

2.  ^foot  heat,    defog  - 

Frame  30    ,  ^ 
1«    fbot  l\ea^,  defog 
2 •  "lever ,  mechanical 
3;    cabin  air  inle^  ^ 

Fraite  31 

1.  ram  air  % 

2.  eiDergency  vent  knob 

Frame  Si 

1«    emergency  vent  knob 

2.  ,  air  conditioning 

3.  of^ 

Frame  33^ 

1.    solenoid  / 
2«  open 

3.    Emergency  vent  knob 

Frame  34 

1.  F  5.  C 

2.  G  6.  I 

3.  E  -7.  A 

4.  .D  » 


Frame  39_  • 

1.  Increase 

2.  temperature  sensor 

3.  negative 


Frame  35 

la^  hot,  ycold 

2.  automatically, 


i2ianu|i]  ly 


Frame  37 

1.  temperature 'control  panel 

2.  cockpit 

3.  -temperature^^^elector 
Frame  38 

1.  rheostat  , 

2.  cockpit 


Frame  40 
le    tempe  .ture  control 
2a    manual  temperature  llmlter 

> 

Frame  ^1 

1..   C        4.    D        '  - 
2.    B        5.  E 


,3.  A 

6. 

F 

Frame  43 

1.  T 

r 

2.  T, 

3.  F 

4.  T 

Frame  44 

Part  I 

1.    0  ' 

•10. 

M  . 

2.  D 

3.    F  • 

12.    Q  . 

4/  A 

13. 

B 

5.  C 

14. 

t  . 

6.  '  P 

15. 

E 

7.  H 

16. 

K 

8.  N 

17. 

9;  J 

18. 

6 

\  Part  II 
^  1.  A 


F 
B 
0 


7=- 


6.  M 
7'.  C 
8.  G 
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FIGHTER  CABI»  ^IR  CONDITIONING  SYSTEM  W-IRING  DIAGRAM 


OBJECTIVES' 


1.  Id^tify  iiabia  air  conditioning  system  component  operation 
with  a  minimum  of  80%  accuracy.  , 

2.  Using  a  wiring  diagram  identify  causes  of  eight  of  ten  given 
air  conditioning^  system  troubles. 

> 

EQlfl?MENT-i    ^  - 

Basis  of  Issue 
Tape  and  Tape  Player  1/student 
Workbbok  3ABR4233i-WB-201      *  1/student 

PROCEDURE 

Information  on  the  purpoae  and  operation  ox. the  fighter  air 
conditioning  svstem  components  antj  the  procedures  f^or  you  to  follow 
when  using  thta  workbook  are  given  by  tape  recorded  instructions. 
As  you  listen  to  the  recording  you  will*  be  given  information  on  the 
air  conditioning  system  operation  and  directions  to  follow  f<^ 
tracing  the  electrical  circuits.    Listen  to  the  recording  until  the 
speaker  tells  you  to  turn  i't  off.    The  speaker  will  tell  you  when 
you  are  to  trace  a  ^circuit  or -to  arwar  questions  given  in  the 
workbook.    Your  instructor  will  show  you  how  to  install  .the  tape 
and  how  to  operate  the  tape  player.    Pay  close  attention  t^  all 
directions  that  you  %re  given  on  the  tape.    When  tracing  circuits 
or  answering  questions  in  this  wozJcbook,  if  your  responses  are 
incorrecty  restudy  the  information  or. reverse  thS  tape  and  listen 
to  the  instructions  again.    After  completing  thi.i  lesson  you  will 
be  required  to  solve  ten  problems  which  are  given  at  the  back  of 
the  text.    If  you  are  ready  to  begin^  and  the  instructor  has 
already  briefed  you,  turn  on  the  tape  player.  t 


Supersedes  3ABR42231-WB-201,  .24  October  1972/ 
O^R:  3370TT.G  '  v 

DISTRIBUTION:  K 
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Fill  in'the  blanks  Co  complete  the  following  statements. 

•         /  _  -  * 

I.      The  bleed  air  pressure  regulator  and  shutoff  v&lve  is  controlled  by  the 


2.  ^Wh&n  tfie  emergency  vent  knob  is  pushed  in,  the  bleed  air  pressure  regulator *i8  

(energized/deenergized) .  ,  «  . 

3.  Th^  bleed  air  pressure  regulator  controls  airflow  to  the   \  

■  „ , .  system.  '  ^ 

A.      The  ground  cooling  ejector  shutoff  valve  is  actuated  open  when  the  landing  gear  haiuileis  placed  in  x\ 

/  . 


_j  >  ^   position^ 


5.  *     The  ground  cooliiig  ejector  shutoff  valve  require 
to^operate.  j 

6.  The  ground  cooling  ejector  shutoff  valve  is  actuated ^closed  when  the  landing  gear  handle  is  placed  ii 
 ^    ^r-   position. 

Turn  on  the  tape  recorder.  *  *  ^   •  i 

/.      The  ifOkHiperature^j^ontrol  systejD  has  an    ^and   mod^  of 

operation. 

8.*  The  magnetic  amplifiers*  transistors,  temperaty^re  control  switch,  and  temperjiture  selector  switch 
iocated  in  the  "  V  .  \  c\n 

~  ^   IOd 

104  ^ 


9.    If  the  resistance^of  the  sensor  goes  dovm,  the  automatic  temperature  control  circuit  will  call  for 

air.  '  •        .  * 

mode  of  - 


10.  The  cabin. tenperatyre  sensor  Is  used  only  when  In  the 
teaperature  control.  *  ^ 

11.  The  cabin  temperature  sensor  makes  up  part  of  the   


12.    Tlie  cabin  manua?  tj^mperature  llmlter  will  affect  operation  of  the 


13.    The  cabin  manual  temperature  llmlter  Is  a  nprmally 

»  • 
Turn  the  tape  recorder  ON. 


circuit. 


(open/closed)  switch. 
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^igure  1.    Power  Supply  Circuits. 


■  J 

—  MBC20I— J 


M4A20Nh{|l 
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1.      AC  power  is  needed  only  when  using  mode  of  teiaperature  control. 


2.  The  ground  cool'ingBjfector  shutoff  valve  opens  when  th/  landing  gear  handle  is  in  the 

9                                                              •  '  ^  ^ 
 position.  ,  ^7 

3.  '  power  is  supplied  to  the  temperature  control  switch. 


4.  If  wire  number  H20A20  w^re  open,  it  would  cause  the 
to  be  inoperative.  *  . 

5.  If  wire  number  H20B20  were  open,  it  would  affect  the 


6-      If  wire  number  H9A20  were  open,  it  would  affect  the   mode  of  of^ration. 

7.      The  entire  system  is  inoperative,  the  most  probable  cause  will  be  an  open  in  wire  number   


A.      If  wire  number  U61C20  were  open,  the  valviji*  that  would  be  affected  is  the 


and  it  would  run 


9.      If  wire  numbex  H71B20  were*  open,  the  bleed  jpir  pressure  regulator  and  shutoff  val^e  w  uld  111 
^   (open/close). 


'After  tracing  the  circuits  on  figure  5,  turn  the  tape  recorder  ON* 

.1.  N 
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•  \ 


0 


ANPVOIT' 


TfMP.  UMim         MinM  VALVff 


O  Figure  2.    Cabin  Mixing  Valve,  Manual  Ciicuits. 


\ 


1.  When  the  temperature  control  switch  .Is  placed  In  manual  hojror  cold,     volts  DC 

Is  supplied  to  the  CeSbln  dual  temperature  mixing  valve.  « 

2.  pif  wire  number  U25DZ0'were  open,  the  cabin  dual  temperature  mixing  valve  could  only  be*  run  to  the 

J  ■  L!   or  ^  posit Ipn.      ^  ,^ 

\      •  ' 
>3.      If  wire  nv-*ier  H2^20  were  open,  only  manual  *  could  be  selected. 

4.  The  cabin  temperature  llmlter  is  a  normally  *   switch.  / 

5.  The  cabin  dial  temperature  mixing  valve  failed  to  open  or  close,  o|e  probable  cause  would  be 
wire  number    or 


- 1  ^  * 

00      Arter  tracing  the  circuits  on  figure  5,  turn  the  tape  recorder  ON. 


r 

41 


/ 


f 
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1.  In  automatic »  the  cabin  teinpei:ature  mixing  valv6  receives  .power  when  the  

transistors  are  conducting.  .  •  r 

•  •  • 

2.  The  cabin  transistors  receive  DC  poweir  when  the  temperature  control  switch  is  placed  in 


position. 


3.      In  order  for  Che  system- to  operate  iu  automatic,  115  volts  must  be  applied  to  the 


4.   '  If  ^the\abin  inanual  tempetaturo  limiter  were  open,  the  valve  that  ^^Id  be  affected  would  be  the 


5.  If  wire  number  H2iC20  were  open,  the  cabin  temperature  could  only  go  to  the 
position. 


6.  If  the  wireN#ere  open  at  Junction  point  X, 
ino^rative. 


temperature  cl)ntrol  would  be 


> 


7.      The  signal  that  determines  if  the  hot  or  cold  transistors  will  conduct  in  the  automatic  .m4de  000.33  ' 


from  the 


circuit. 


After  tracing  the  circuits  on  figure  5,  turn  the  tape  recorder  0N« 
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1»      The  pilot  can  aucoaatlcall'y  change  the  teaperatura  in  the  cabin  by  changing  the  pdvition  of  the 

.  -  ■  .        ■■■■       ■  .  .\ 


2.  The  cabin  temperature  aensor  aensea  the  temperature  of  the  air  ^ 

leaving)  the  cabin  area.  — X 

3,  An  open  in  the  senaor  circuit  will  cause  the  ayatem  to  call  for   


4.  A  abort  in  the  tempei/ature  selector ^^circuit  will  cause  the  system  to  call  for 
air.  ' 


\ 


Turn  the  tape  recorder  ON. 


(entering/ 


air. 
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/353  ,  .  ' 

Listed  below  are  £lf|ceen  (13)  queatlons  pertaining  to  the  wiring 
diagram  you  have  just  CQO^leted.    Follow  the  directions    or  each^'p^r.t.^ 
WJien  you  have  completed,  turn  the  tape  recorder  on,      .  ' 

Place  a  T  fgr  True  or  an  F  for  False  in  tha  blanic  provided  for  each  statement. 

  1.      The  automatic  afld  manual  temperature  control  switch  is  used  to 

select  ^he  desired  temperature  in  automatic.  ^ 

  2.      AC  and  DC  power  is  required  to  operate  ""the  cabin  temperature 

control  system  in  the  automatic  mode. 

^    3.'     Only  DC  poVer  is  required  to  operate  the  temperature  control. 

system  in  manual  mode. 

  4'.      The  cabin  manual  temperature  limiter  has  ^  positive*  coefficient 

of  resistance. 

  5.      The  ground  cooling  ejector  valve  helps  draw  ram  air  to  flow 

across  the  heat  exchanger  when  the  aircraft  is  on  the  ground. 

For  questiona  6  through  10  below »  fjll  jn  the  blanks. 

6.  A  sensing  element  in  which  the  resistance  goes  down  when  the 

temperature  goes  up  is  said  to  have  a   .  

coefficient  of  resistance.  ^  , 

7.  The  cabin  transistors  will  conduct  when  using  the    ^ 

mode. 


8.      The  cabin  temperature  sensor  has  a  :  

coefficient  of  resistance. 

Jj      A  short  in  a  negative  coefficient  element  would  cause  a 

resistance  In  the  element.    This  would  cause 


a  demand  for  n  air. 

XO.  .   and  power  is 

needed  for  automatic  Operation  of  the  cabin  system. 
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12 


^r".   ^ 

Select  the  dagcrlption  from  coiumn 
the'  coBPOoent  it  be»i  deecrlbee> 

A 

11,  Temperature  control  switch  a. 

12.  Landing  gear  control  switch 

13>  Temperature  controller  b. 
14  ♦      Cabin  temperature  sensor 

c. 

15.      Cabin  maoual  temp  limiter 

d. 
e. 

f. 


0 

B 

Contains  the  selectors  and  switches 
for  operation  o^  the  cabin  tempera- 
ture control  system. 

Controls  the  maximum  temperature 
in  the  sys. 

Supplies  power  to  the  cabin  dual 
temp  mixing  valves. 

Controls  the  operation  of  the 
ground  cooling  ejector  shutoff 
valve • 

Controls  the  operation  of  the  bleed 
air  pressure  regulator  and  shutoff 
valve • 

Has  a  negative  coefficient  of 
resistance. 


B  and  place  in  the  blank  be^de 


\ 
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Match  th«  following  malfunctions  with  the  numbered  troubles  on 
the  diagram  (figure  4)»  ^  


A,  Ground  cooling  f J ectoi^  shutoff  valve  will  not  open. 


B.   No  autotaatic  operate  n  of  the  cabin  temperature  control 

systems.    Manual  control  works 

C.   Cabin  temperature  goes  full  hot  when  the  control  switch 

is  placed  in  AUTO. 

,D.   No  bleed  air  available  to  the  air  conditioning  system. 

£^   No  operation  of  the  cabin  temperature  control  valve 

in  automatic  or  manual. 


F.  Pull  old  air  to  the  cabin  ir  automatic  even  when  selecting 
'  hot. 

G.   Ground  cooling  ejector  shutoff  valve  will  not  close  in  flight.-^ 

H.   Unable  to  get  hot  air  in  either  AUTO  or  MANUAL  modes. 

  Tha  cabin  dual  temperature  mixing  valve  will  not  operate  when 

*        "     the  temp  control  switch  is  placsG  in  :;;anual  Cold.  Automatic 
works  OK. 

This  completes  your  study  of  the  Fighter  Wivi  i  Diagram.  Turn 
on  the  tape  recorder  for  the  correct  answers.  Make  any  corrections 
necessary  before  continuing  with  the  next  text. 
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CABIN  TEMP. 
SE?I80R 


CABIN  MANUAL 
TEMP.UMITER 


CABIN  DUAL  TEMP. 
MIX  INS  VALVE 


Figure  A,    Wiring  Diagrwi  Fighter  Air  CpnditAonlng  System. 


tMRMim  LMHT     L  ANOIM  SC  Aft 
i4/2i  VAC  /^TTS^      ^•^^i^^^^  * 
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raCSSUM  $WITCH     CONTROL  SWITCH 
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400  H« 
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Figur*  5.    Wiring  DUgraa  Fighter  Air  Conditioning  Systta, 
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FIISItER  cabin  air  CONDinONDlG  SYSTEM  TROUBLESHOOTING 

OBJE 


a  multimeter  and  wiring  diagram,  perform  an  operational  check 
and  troubieshoot  the  bleed  air  and  cabin  air  conditioning  system  trainer 
locating  7  out  of  .9  troubles  correctly. 


EQUIPHEMT 


Trainer  3305,. Fighter  Air  Conditioning 
Multimeter  AN/PSH-6 


-Basis  of  Issue 
1/ student 
1/ student 


PROCEDURE 


1,  Remove  all  of  your  Jewelry*  Report  to  the  lab  instructor  and 
inform  him  of  the  lesson  on  which  you  are  woiUng.  The  instructor  will 
assign  you  to  a  trainer  and  provide  the  necewary  materials. 

2,  This  workbook  is  presented  in  two  Ae€ptons.    Scfction  1  la 
to  familiarize  you  with  the  coinponents  of  th<:;<^4.n  air  condltidning 
system  and  to  prepare  you  for  performing  the  o^)erational  check  and 
troulJleshooting.    S^^ction  2  contains  the  steps  for  operationally 
checking  the  system  and  the  malfunctions  that  you  are  to  troubieshoot. 
Perform  each  step  as  directed  on  t;he  following  pages. 


Supersedes  3ABRA2231*WB«204,  31  August  1972. 
OPRj    3370  TTG 
DISTRIBUTION:    X  ' 

3370  TTG/TTM  -  250;    TTVSR  -  1 
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SECTION  1.    CABIN  AIR  CONDITIONING  SYSTEM  COMPONENTS 

1.     Location  and  identification  of  system  components. 

a.     Using  the  trainer  and  the  illustration  in  figure  1, 
locate  each  of  the  numbered  items.    Write  the  name  of  each  of  these 
ibereu  items  in  the  blank  space.    As  you  locate  each  component, 
:ice  the  chWck  point  near  the  component  that  is  used  for  checking 
electrical  circuitry. 

(1)   \  - 

(2)  

(3)  **  -  

(4)  •  

X5)  

(6) 

(7)  

(3)  

^9)   ,  

(10)  : 


COMPARE  YOUR  ANSWERS  TO  THOSE  ON  PAGE  5. 


3 
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A&svers^o  lov^atlon  and  identlflcatioa  step  la. 

at)    Bleed  air  pressure  regulatfor  and  rhutoff  valve. 

(2)  Cabin  diial  temperature  mixing  valve. 

(3)  «^  Ground  cooling  ejector  shutoff  valve.  ^ 
' (4)    Cabin  temperature  sensor. 

(5)  Cabin  manual  tsmperature'  limiter. 

(6)  Turbine*  overspeed  pressure  switch. 

(7)  Emer  air  inlet  valve. 

(8)  Water  separater. 

(9)  Aftti-ice  valve. 

(10)    Anti-ice  controller.  v 

b.      Using  the  trainer  and  figure  2,  locate  each  of  the 
numbered  items.    Write  the  names -of  each  item* in  the  blark  space!  As 
you  locate  the  items  notice  the  check  points  fdr  checking  the  electrical 
circuit. 

(1)   '  


'  (3) 
(4) 
(5) 
C^) 
(7) 
(8) 
(9) 

(10) 
•  (U) 

(12) 


COMPARE  YOUR  ANSWERS  TC  THOSE  ON  PAGE  7. 
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Answers  to  location  and  identj-        >    i  step  lb. 


^  1  ^ 

uocKp  c  neat  ana  ^ent     rcuxt  DreaR^r; 

TIC    n  \ 

113  VAC. 

uocKpiu  neat  ana  vent  circuit  Dr&aKer ; 

Zo  vur • 

• 

(  W 

warning  xxgn u  circuit  DreaKer • 

(L'S 

juanaxng  gear  circuit  oreaKer. 

\^/ 

cjDergency  venc  xnoD  • 

\0) 

Tcnperature  control  panel. 

Lianaing  gear  nanaxe* 

(8) 

Test  point  for  tbe  landing  gear  control 

switch. 

(9) 

Footheat  and  defog  lever. 

(10) 

Oefog  switch. 

(11) 

Cabin  turbine  overspeed  warning  light. 

(12^^Landlng  gear  auxiliary  relay. 

2. 

Trainer  preparation. 

a.  Place  all  trouble  switches  to  t^      wT  position.  These 
switches  are  located  at  the  u ft  end^of  the  trainer. 

b.  Push  in  the  following  circuit  breakers: 

(1)  Cockpit  heat  aud  vent;  Ji'^  VAC. 

(2)  Cockpit  heat  and  vent;  28  VDC. 

(3)  Warning  lights. 
(Uf  Landing  gear. 

c.  Insure  the  reriaining  circuit  breakers  are  pulled  out. 

d.  Place  the  switches  to  the  NORKAL  positions  as  listed 

below. 

(1)  Emergency  vent  knob  Pushed  in. 

(2)  Landing  ge^r  lever  Down. 

(3)  Defog  lever    Footheat. 

(4)  Teift^crature  control  switch  — -  Auto. 

(5)  Tenperature  selector   Cold. 

7 

13{; 


e.      Place  tht  power  switches  to  the  ON  position.  These 
switches  are  located  on  the  left  side  of  the  trainer. 

3.      Trainer  Operation. 

a.  ing  the  follo\i.ng  steps  you  will  orarate  each  com- 

ponent of  the  catin  air  conditioning  system.    When  a  switch  or  lever 
is  actuated  be'  sure  to  notice  which  of  the  valves  operate  and  the 
vaJve  position.    Actuate  each  switch  c  ,  directed.    From  your  observa- 
tion of  the  trainer  operation,  compete  each  of  the  ucatements  by 
circling  the  correct  word, 

STEP  1.      Bleed  air  pressure  regulator  and  shutoff  valve,  and  emer 
vent  air  inlet  vaXve  operation. 

(1)  Pull  out  the  emergency  vent  knob. 

(a)  The  bleed  air  pressure  regulator  and  shutoff 
valve  (opens/closes). 

(b)  The  emer  air  inlet  Valve  (opens/closes). 

(2)  Push  in  the  emergency  vent  knob* 

(a)  The  txeed  air  ptessure  regulator  and  shutoff 
valve  ( op4fn8/c  loses ) . 

(b)  The  emer  aii  inlet  valve  (opens/closes). 

(3)  If  the  bleed  air  pressure  regulato.  and  shut of r 
valve  fails  to  operate,  it  indicates  a  defective  yalve  or  an  open 
electrical  circuit. 

STEP  2.      Ground  cooling  ejector  shutoff  valve  operation. 

(1)  Place  the  landing  gear  handle  in  the  GEAR  UP 
position.    The  ground  cooling  ejector  shutoff  val^':.  (opens/closes). 

(2)  Move  the  lan<?xng  gear  hmdle  to  the  GEAR  DOWN 
position.    The  jjround  cooling  ej-tctor  shutoff  valve  (opens/closes). 

STEP  3.      Cabin  temperature  ccmtrol  system;  manual  operation. 

(1)  Pla,.e  the  temperature  control,  switch  to  MANUAL 
HOT.    Th«  cabin  dual  temperature    ^x<jii  valve  (opens /c loses ) . 

Note:    This  can  be  determined  by  observing  the  valve  position 
indicator  located  on  the  valve  body. 

(2)  Place  the  temperature  control  switch  to  MANUAL 

C  'J5. 

(3)  If  the  temperature  control  valve  fails  to  operate 
it  indicates  that  tha  valve  is  defective  or  there  is  an  :)pen  in 

the  28  VDC  electrical  circuit. 


{3? 


I3U 

STEP  4.     Cabin  tamparatura  control  system;  automatic  operation. 


(1)  Place  the  temperature  control  switch  to  AUTO, 

then  rotate  the  temperature  selector  to  HOT.  The  cabin  dual  temperature 
mixing  y%lir%  moves  toward  (open/close)  • 

(2)  Rotate  the  temperature  selector  to  COLD.  The 
cabin  dual  temperature  mixing  valve  moves  toward  (open/close) • 

(3)  If  the  automatic  temperature  control  system 
falls  to  operate.  It  Indlcaates  an  open  In  the  115**volt  AC  power 
circuit  to  the  cootroller. 


(4)  If  the  teiqperature  sensor  or  wiring  to  the 

sensor  Is  SHOBIED,  the  temperature  mixing  valve  will  go  full  (open/close) 

(5)  If  the  temperature  sensor  or  wiring  to  the 

sensor  is  OPEN,  the  temperature  mixing  valve  will  go  full  (open/close). 

STEP  5.      Return  all  switches  to  the  NORMAL  position  as  irdicated 
in  paragraph  2d  axul  place  trainer  power  switches  to  OFF. 

COMPARE  THE  ANSWERS  THAT  YOU  HAVE  ^SELECTED  TO  THOSE  GIVEN  BELOV. 

STEP  1.      (1)    (a)    closes  (1)     (b)  opens 

(2)     (a)    opens  ^  (2)    (b)  closes 

STEP  2.      (1)    closes  (2)  opens 

STEP  3.      (1)    cl  ^es  (2)  opens 


STEP  4.      (1)    close         (2)    open  (4)    open  (5)  close 

If  your  answers  do  not  agree,  check  with  the  instructor,    li  your 
answers  agree,  then  the  trainer  is  operating  correctly. 

4.     Sensor  Resistance. 

a.  Prior  to  maintaining  a  temperature  control  system 
you  should  determine  the  normal  resistance  values  of  the  censors. 
This  can  be  done  by  referring  to  the  technical  order  or  by  measuring 
a  knovn  good  sensor. 

b.  ^  Measure  the^sistance  of  the  cabin  temperature  sensor. 
To  meausre  xeslstance,  the  circuit  must  be  isolated.    To  isolate 

the  sensor  on  the  trainer,  disconnect  the  AN  connector  attached 
to  the  temperature  control  panel.    With  this  disconnected  you  can 
meaeure  the  sensor  resistance  from  the  cabin  temperature  sensor 
check  poiut.    The  resistance  of  the  cabin  sensor  is   


c.     Ask  the  i^istructor  for  the  ambient  temperature  of 
the  lab  area  . 
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d.     Tbtt  graph  illuatrr.te^i  in  figure  3  shovs  the  normal 


•enaor  reaiatance.    Thia  ia  the  aame\  typa  of  graph  you  wiU  uae 
on  the  flight  line*    Determine  the  rMiatance  range  for  the  cabin 
aenjior.    Ia  the  meaaured  reaiatanc«  o£  the  aensor  within  the  range 
giv«n  on  the  graph?    (yea /no).    If  youV  anawer  waa  no,  aak  the 
inatructor  for  aaaiatance. 


AMMM?  JMMUIW  -  OtOiHt  f 


Kfk  ANY  OlVtN  riMmATUll*  HMTAHa  MUST  fAU  WITHIN 

CiAm  k,iM  '*0^         tINO  SiNlOIS  AND  UMtTRS  WHiN 
MMAUIdlNAKlAri. 

OiAM  a.  \M  0»AV  \M«tM  '  SCNSCM  Ot  UMTIt  » tiMOViD 

rtOAft  m  timcuun  Af«  ts  lucco  in  a  cONttouio  riMm* 

ATUIA  IN^aONMlNf  <4,t«  MMMOf  UNir  IN  WAftt  THAT  tS 


Figure  3*    Temperature  Senaor 
teaiatauce  Graph. 

Inatruetiona  for  uaing  the  te^aperature  senaor  reaistance  graph. 

On  graph  A»  locate  the  vertical  line  for  ambient  temperature. 
Follow  thia  Una  up  to  the  ahadei  area,  then  follow  the  hjriaontal 
linea  to  the  left  tc  citermine  the  range  of  the  reaiaiarce  in  "K' 
ohaM.    *V  «  1,000  ofama. 

Sxayple:    If  the  temperature  ia  65*F,  then  the  reuiftanca 
ranH  ihould  be  between  2200  ohma  and  4500  ohma. 


l3iS 

SBCTZOM  2.    CABIN  m  COHDniOMING  SYSTEM 
OPERATIOHAL  CHECK  AND  'HUXJBLESROOTINQ 

OPEIAIIONAL  CHECK 

1,  Tlui  i»tQp«  Chat  you  parfonMid  In  piragraph  3a  of  Section 
I  involved  opamtlai  ••ch  conpotMm.t  In  th«  cibln  air  conditioning 
•yatati.  Th«y  d«taml&«d  If  aach  covponant  waa  oparahlng  proparly 
and  ara  callad  oparatl^eial  chacka. 

2.  Tha  chart  balov  fonullsaa  tha  procadura  fo;  parformlng 
oparatloaal  chacka  In  an  outllna  form.    To  Inaura  that  you  ara  familiar 
vlth  thla  procadura,  turn  tha  tralnar  povar  avltchaa  W  and  parform 
aach  of  tha  atapa.    Aftar  you  ara  aura  you  undaratand  tha  oparatlonal 
cback"" procadura,  than  continua  to  tha  troublaahooting  part  of  thla 
laaaoD. 


^oaltioQlng  tha  Control  Oavlcaa 

Oparatlng  Valva 

Valva  Foaition 

^ull  out  tha  amargancy  vant 

mob 

Blaad  air  praaaura  ragulator 
and  ahutoff  valva 

Emar  Air  inlat  valva  ^ 

aOSED 
OPEN 

^uah  In  tha  amargancy  vant 
mob 

Blaad  air  praaaura  ragulator 
and  ahutoff  valva 

Enar  Air  inlat  valva 

OPEN 
aOSED 

!loVa  tha  landlna  aaar  handla 
to  tha  GEAR  UP  poaltloc 

i 

Ground      actop  vaIva 

CLOSED 

> 

fova  tha  landing  gaar  handla 
to  tha  GEAR  DONN  poaltlon 

Ground  ajactoc  val'  a 
• 

OPEN 

Placa  tha  tai^aratura 

control  aifltch  to  !«UIUAL  HOT 

Cab^  dual  tamparatura 
mixing  valva 

aOSED 

Placa  tha  tamparatura 

control  svltch  to  MANUAL 
COLD 

Cabin  dual  tamparatura 
mixing  valva 

OPES 

Placa  tha  t«&paratura 

control  awl tch  to  AUTO^ 
Sotata  tha  tanqparatura 
aalactor  to  HOT. 

Cabin  dual  tamparatura 
mixing  valva 

Travel*  toward 

aOSED 

Sotata  tha  tamparatura 
aalactor  to  COLD 

Cabin  dual  tamparatura 
mixing  valve 

Travels  toward 
OPEN 

Operational  Check  Procedure  Chart 
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1.  for  tach  troublt,  ptrform  an  opa'rational  chtck  to  atttrmint  tht 
fiSAlfuactiooini  cowpoaant;  placa  a  statcnant  in  tha  "diacrapancy**  block 

of  tha  troublaahootlng  raaponaa  ahaat, 

2.  Using  a  wax  paacil,^aca  thm  alactrical  circuit  chat  oparataa 
or  controla  tha  Balfunccioning^apotiant. 

3.  Uaa  a  sultlMtar  to  locata  tha  cauaa  of  tha  ttoubla. 

Motat    Wh:itt  Maauring  voltaga,  ba  aura  tha  aatar  la  aat  to  tha 
corract  voltage  raaga.    Kaka  aura  that  you  hava  tha  aagativa  (black) 
laad  to.  ground.    Ground  on  tha  trnlnar  ia  any  conaaction  with  a 
ground  Mil  )  ayvbol.    Whan  ehaeking  tha  aanual  ta^»aratura  control 
ayataait  ba  aura  to  hold  tha  taayaratura  control  airitch  to  aithar 
hot  or  cold.    Whan  aaaaurlng  raaiatanca,  ba  aura  tha  trainar  powar 
airitch  ia  off,  and  tha.aatar  ia  aat  at  OPC!    tJaa  tha  OHM  portion 
of  tha  Bultiaatar  only  to  ehack  aanaora  and  thair  circulta. 

4.  Bacord  tha  cauaa  of  tha  troubla  in  tha  "cauaa"  block  of  tha 
troublaahootlng  raaponae  ahaat. 

5.  Tha  troubla  avltch  that  you  ara  to  uaa  for  aach  problam  ia 
liatad  on  tha  aida  of  tha  dlacrapancy  block.    Thara  ara  12  problaaa 
for  you  to  troublaahoot.    Wa  vill  go  through  troubla  nuabar  1  to  ahcv 
you  bov  to  arriva  at  tha  corract  anavar.  n 

Troubla  Svltch  #1 

1.  Placa  troubla  avltch  #1  co  tha  ^  poaition. 

2.  Parform  an  oparational  chack.    Uaa  tha  oparational  chack 
chart,  on  paga  11^  if  naadad. 

3.  Am  you  want  through  tha  oparational  chack  you  found  tha  cabin 
aixlng  valva  vould  not  oparata  in  automatic.    Maka  tha  following  atata« 
BMt  in  tha  dlacrapancy  block  of  tha  truublaaheoting  reaponaa  ahaat 
'for  troubla  #1. 

"Cabin  ttlxing  valva  vlll  not  opi^rata  in  autoaatic." 

4.  Stoca  tha  cabin  aljlng  valva  will^ot  oparata  in  automatic 
hot  or  cold,  what  part  of  tha  circuit  would  affact  automatic  oparation 
of  tha  ayataa?    Tha  DC  and  AC  powar  auppliaa  ara  nacaaaary  for  both  auto 
and  aanual. 

5.  If  tha  problam  wara  in  tha  DC  powar  aupply,  than  tha  valva 
would  not  op^taca  in  manual.    Thia  laavaa  tha  AC  powar  aupply. 

6.  Traca  tha  AC  powar  aupply  from  tha  115V  AC  cockpit  Uaat  and 
vant  circuit  braakar  to  tha  taaparatura  control  panal. 

Kota:    2^vol'    Z  aupply  ia  raquirad  to  oparata  tha  valva.  Tha 
U3V  AC  aupply  ia  raquirad  for  oparation  of  tha  cfbin  aagnatic 
ampllfiara. 

U 
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7.     Chtek  tlui  AC  povAr  supply  vith  thm  milti»tt«r«    IUk«  surs 
your  Mt«r  it  Mt  at  th«  coxttct  voltagt.    Chtck  for  voltago  at  pin  **E" 
of  tbo  tMporatur*  control  panol.    Tou  did  not  |it  a  voltaga  Indication, 
did  youT 

8«     Voir,  chack  for  voltaga  at  tha  HZV  AC  cockpit  haat  and  vant 
circuit  braakar.    Thara  la  voltaia  at  this  point.    Thia  aaana  thara 
float  ba  m  opaa  in  vira  B9A20. 

9.     tacord  your  findlnga  in  tba  *'cauaa"  block  of  troubla  switch 
#1,  on  tha  troublaabooting  rasponaa  sbaat. 

'*OpMi  in  vlra  B9A20/* 

10.     Tou  hava  CM^latad  troubla  #1  so  placa  that  troubla  switch 
to  tha  OPT  position  nd  continua  with  troublas  nuabar  2  through  10. 
Ba  aura  to  racord  tha  malfunction  in  tha  **discrapancy"  block  and  sha 
cauaa  of  tha  salfunction  in  tha  ''ca-oaa^*  block  of  tha  troublasbootlng 
raaponaa  shaat* 

11*     Af tar  you  hava  coaplatad  troubla  nuabar  10,  ratum  this  work** 
book  to  your  lab  instructor  to  hava  him  grada  it.    if  you  did  not  locata 
tha  raqulrad  saowt  of  troublaa  corractly,  your  inatructor  will  tall  you 
whara  you  mada  your  arror(s)  sad  hava  you  rado  thosa  troublaa.    If  you 
accoapliahad  ^his  objactiva  corractly,  your  instructor  will  sign  tha 
objactlva  aa  complatad  and  assign  you  tha  naxt  projact. 


INSTRUCTOR 

Plaasa  chack  off  tha  studant*s  accoiqillshiBant  ox  tha  following 

itaaa.    Thasa  itaaa  ara  part  of  tha  objactivaCs)  of  this  lasson. 

ITfi!  UKSA7.  SAT. 

Practicas  ganaral  houaakaaping  conaistant 

with  safaty  and  fira  privantion.     

Practicas  safa  work  habits  and  procaduraa.     

Follows  pracautions  vhila  working 

^around  dangar  araaa.     

Ui.  of  t.st  Btt.r.     


13 
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TBOUBLESHOOTING  RESEOHSE  SHEET 


TBOUBLE 

SWITCH 

MIMBBI 

DISC8EPANCY 

CAUSE 

»  X  

■ 

1 

2 

3 

'■  4  1 

5 

'  - 

6 

7 

8 

• 

9 

-i  

10 

WHEM  COMPLETED  >  REPOM  TO  THE  INSTRUCTOR. 
Inatruccor't  slgDSturt^^howlng  »«tl»£«ctory  completion  of  thi«  obj«ctiv«: 
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FOREWORD  . 

J  ^rogrMjsd  text  waa* prepared  for        vin  the  3ABR42331  Aircraft 
Ettvtronaental  Sya  terns  Mechanic  l^ourse^^    The  materials  contained  herein 
were  validated  with  stud^ts  fr^m  the  siibject  course.    At  least  90Z 
of* the  students  taking  this  text  achieved  or  surpassed  the  criteria 
establlst^ed  In  the  lesson  objectives.    The  average  time  for  completion 
of  thl»  text^as  5  hours  40  minutes. 

OBJECTIVE 

Relate  each  rain  removal  system  component  to  its  operation  with 
a  mlsklnium' of  80%  accuracy.  * 

INSTRUCTIONS 

This  progrsmmed  text  is  preselited  in  two  parts. 

PART  I  is  the  actual  componeni:  operation.    The  text  presents 
this  material  in  small  steps  callm  frames.    After  each  frame  you 
are  asked  to  respond  to  questions /in  some  manner.    Read  the  material 
carefully  and  acconplish  vhat  eadh  frame  directs  you  to  do.  The 
correct  answers  are  givta  at  thij  top  Nof %  the  next  frame  or  as  speci- 
fied.   If  you  have  answered  each  response  correctly »  continue  on 
to  the  next  frame.    If  you  are  Incorrect,  read  the  material  again 
and  correct  your  answers  before  contlniilng. 

PART  II  of  the  text  is  the  electrical  wiring  diagram  for  the 
rain  removal  system.    You  will  be  required  to  trace  each  clrc\iit. 
After  you  have  traced  the  circuits,  you  will  be  required  to  analyse 
the  wiring  diagram  by  selecting  the  trouble  nimiber  found  on  the  wiring 
diagram  and  placing  it  along  side  the  trouble.    After  completing 
the  troubles,  have  your  Instructor  check  your  answers.    It  la  important  ^^^2^ 
that  yoM  understand  the  wiring  diagram  In  order  to  understand  the 
operation  of  the  system  so  you  can  correctly  troxibleshoot  the  trainer 
when  you  go  to  the  lab.    If  you  have  any  questions,  ask  your  Instructor 
for  assistance. 
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PAKT  I 


Frtffie  1 


Thtt  purpose  of  thtt  rmln  rtooval  system  Is  similar  to  ths  purpose 
of  th«  vlndshiiild  vipers  on  en  sutonoblle.    The  system  keeps  the 
vlndshleld  deer  of  rein.    This  Is  done  by  bloidug  a  mixture  of  hot 
air  and  partially  cooled  air  over  the  windshield.    The  air  will  break 
up  the  rain  particles  and  turn  them  away  from  the  windshield. 

During  this  lesson  y^u  ylll  be  studying  the  system  used  on  a 
filter  type  alrcratt.    In  this  system  the  air  for  the  rain  removal 
Is  discharged  through  a  nozzle  (outlet).    The  nozzle  is  put  at  the 
base  of  the  center  windshield.    Notice  tne  rain  removal  nozzle  location 
below. 


RAIN  REMOVAL 
NOZZLE 


*    Complete  the^followlng  statements. 

1.     The  purpose  of  the  rain  removal  system  is  to  keep  the 

clear  of  rain. 


2.     The  rain  removal  system  allows 
the  windshield. 


to  blow  over 


3.     The  rain  removal  nozzle  directs  air  over  the 
windshield. 


U{1 


Axmimrs  to  Fraae  1:    1*    windshield     2/  alT     3.  centar 


'  The  rmln  reaoval  system  gets  air  from  the  cabin  refrigeration 
unit.  This  air  Is  a  mixture  of  hot  bleed  air  a^d  partially  cooled 
bleed  air. 

The  partially  cooled  air  is  drawn  from  the  primary  section  of 
the  refrigeration  unit  heat  exchanger.  The  hot  blsed  air  is  drawn 
from  the  unit's  hot  bleed  air  duct. 

The  dark  lines  in  the  sketch  show  the  rain  removal  system.  Hote 
the  large  duct  that  carries  the  partially  cooled,  air  from  the  heat 
exchanger.    The  smaller  duct  takes  the  hot  air  from  the  refrigeration 
unit  hot  bleed  air  duc^. 


•  UeO  A(i  PltESSURE 
KEOUIATOR  AND  SHUTOF^ 
VAtve 


DRAIN  VAlve 


REMOVAl 
lit 


Pill  In  the  blanks  to  complete  the  following  statements. 

1.     The  rain  removal  system  receives  partially  cooled  air  frote  the 


2.     The  air  discharged  from  the  rain  removal  r.^z  xe  is  a 
mixture  of  partially 


air  and  hot  -  • 

3.     The  rain  removal  systems-receives  hot  bleed  a^.r  from  the 
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AnwmvB  to  Frame  2:    X.    hnat  cxchauger     2.    cooled  bleed 

3*    re£rlgerat:.on  unit     hot  bleed  air  duct 

Frame  3 

Reaenber  the  fighter  cabin  air  conditioning  system?  Air  flow 
Chroii^  the  cabin  refriger&tion  unit  is  regulated  by  the  bleed  air 
preMure  regulator  and  ohutoff  valve. 

Ir  used  for  the  rain  removal  system  is  , taken  from  the  refrig- 
eration unit.    The  pressure  of  this  air  is  regulated  by  the  bleed 
air  pressure  regulate  and  shutoff  valve* 

^^'^ 

Trace  the  airflow  on  the  sketch  below.    Start  at  the  point  marked 
FROM  AIR  SYSTEM.    Follow  the  arrowj  through  the  bleed  air  pressure 

regulator  and  shutoff  valve. 

Note  the  first  tapoff  going  to  the  rain  removal  system.  This 
is  the  hot  bleed  air  tapoff. 

Then,  follow  the  arrows  through  ^he  primary  part  of  the  heat 
exchanger  and  note  the  second  tapoff  going  to  the  rain  removal  system. 
This  is  the  partially  cooled  air  tapoff. 


ERLC 


Fill         e  blanks  to  coiU|.l<sCe  the  following  statements. 

1.  To  operate  the  rain  removal  system,  the  bleed  air  pressure 

regulator  and  shutoff  valve  must  be   ^   - 

(open/dosed) . 

2.  The  bleed  air  pressujre  regulator  and  shutoff  valve  is 
part  of  the  cabin  unit. 

3.  The  partially  cooled  tir  used  for  rain  removal  is  cooled 
by  the  section  the  cabin 
^refrigeration  unit  heat  exchanger. 

5 


Answers  to  Frane  3t    1«    open     2.    refrigeration     3.  primary 
Frane  4 

Befpre  going  Into  the  operation  of  the  rain  removal  Jiystem, 
let* a  re  lev  some  Information  about  the  bleed  air  pressure  regulator 
and  shutoff  valve* 

Do  you  recall  the  fighter  cabin  air^cQnditioning  system?  This 
system  has  a'  solenoid  controlled »  pneumatically  (air)  actuated  valve. 
,The  solenoid  that  will  open  and  close  the  valve  is  controlled  by 
the  emergency  vent  knob.' 

When  the  knob  .is  pushed  IN,  the  solenoid  Is  energized  allowing 
the  valve  to  open.    When  (he  knob^  is  pulled  OUT,  the  solenoid  wfll 
deenergize,  and  the  valve  will  close. 

;         The  air  for  the  rain  removal  is  tapped  off  downstream  of  the 
pressure  regulator  and  shutoff  valve.    This  valve  then  must  be  open 
vhen  using  the  rain  removal  system. 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.  Opening  and  closing  of  the  pressure  regulator  and  shutoff 
valve  is  controlled  by  a   • 

2.  The  bleed  sir  pressure  regulator  and  shutoff  valve  is 
actuated  open  by  pressure. 

3.  The  main  solenoid  on  the  bleed  air  pressure  regulator 
and  shutoff  valve  is  controlled  by  the  ^  

 knob. 


6 


Auirtrs  to  FraiM  4 :    1  •    sol«nold     2  •    al  r     3  •    entrgtr  vent 


FrisM  5 

Thm  blmmd  mix  pressure  regulator  and  shuroff  valve  hue  two  solenoids: 
The  Mln  control  solenoid  (A)  ud  a  lov  pressure  solenoid  (B) . 

tor  noraal  air  conditioning,  only  the  main  control  solenoid 
Is  caetglxed.  In  this  condition*  the  bleed  air  is  turned  on  and 
its  pressure  Is  regulated  to  62  psi. 

When  rain  removal  Is  required »  the  low  pressure  solenoid  oust 
also  be  energised.    This  reduces  the  pressure  of  the  bleed  air  (for 
both  air  condltlonlrg  and  rain  removal)  to  40  psi* 


Fill  in  the  bl^^  to  ccn^lete  the  following  statements* 

1.     Opening  and  closxng  of  the  pressure  regulator  uid  shutoff 
valve  is  controlled  by  the  (main 
solenoid/ low  pressure  solenoid). 

2*     When  the  rain  removal  system  is  ON,  the  low  pressure  solenoid 
is    (energized/deenergized)  . 

3.      When  the  rain  removal  system  la  ON,  pressure  to  the  air 

conditioning  system  Is   (reduced/ 

increased) . 


Antvttrs  to  Fram  5:    !•    oAin  solttnold     2.    ttMrgized     3.  rtduced 


FrtM  6 

Th«  sktttch  on  this  pag*  is  «  slmpllflftd  schttmstlc  of  tha  rain 
rtmoval  systam*    The  blaad  air  prasfiura  ra^^ulator  snd  shutoff  valve 
and  tha  haat  axchangar  ara  actually  part  of  tha  cabin  refrigeration 
unit.    Theae  ara  put  in  .ha  ays tea  akatch.    They  are  also  related 
t?  th:  rein  removal  system  as  explained  in  the  previous  frames. 

The  rain  removal  system  consists  of  the  follcving  four  components. 

1.  Rain  removal  shutoff  valve. 

2.  Rain  removal  bypass  valve. 

3.  Rain  removal  drain  valve. 

4.  Rain  removal  nozzle. 

Notice  each  of  these  components  in  th    system  illustration  below. 


tAiN  KCmQvAL 


P  t  R£MOVAl 
5       Of*  VAIVE 


ffA«N  KCmOVaL 
BYPASS  VAlVf 


Fill  in  the  blanks  to  complete  the  following  statements. 

1.  The  rain  removal  Dy^^ss  valve  controls  the  flow  of 
    (hot/partly  cuoled/cold)  air. 

2.  The  rain  removal  shutoff  valve  controls  the  fl<^  of 

  (hot/partly  cooled/cold)  air. 
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Alunrtirs  to  Fraat  6:    1.    hot     2.    partly  cooltd 


Fram  7 

thm  rain  rawval  ahutoff  vtlvt,  •boim,  controls  tht  flow  of 
partially  coolad  blaad  air  from  tha  haat  azchangar  to  tha  rain  Tamoval 
nossla.    Thla  la  a  buttarfly  typa  valva, 

1|ha  valva  M  actuatad  by  a  28  volt  DC  motor.    Tha  opanlng  and 
t^oalot  of  thla|Rralva  la  controllad  by  tha  rain  ranoval  switch,  which 
ia  locatad  in  tha  cockjrlt.  ^ 

Whan  tha  rain  rc  val  airltch  U  ON,  28  volt  DC  powar  la  diractad 
to  tha  Mtor«    Tha  valva  than  aovea  to  tha  opan  poaltion.    Thla  allowa 
tha  partially  coolad  blaad  air  to  flow  throi^  tha  valva  and  than 
to  tha  nosala. 


StpaSS  vAtv! 


Fill  in  tha  blanks  to  complata  the  following  statemsnta. 

1«    ^  Tha  rain  ramoval  shut  of  £  valve  is  actuated  by  a  28  volt  DC 


2.      Tha  rain  reffloval  shu^off  valve  controls  the  flow  of 


3.     Tha  rain  removal  shutoff  valve  is  controlled  by  the 

switch. 
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Aoflvtrt  to  ?r«M  7:    1,    aotot     2.    partly  cool«d  blMl  air. 

3*    rain  tMOval 


Tha  rain  raaoval  bypaaa  valva,  ^own  balovt  controla  tha  hot 
ltd  4lr  folnt  to  tha  rain  raaoval  notsla  froa  tha  hot  air  duct, 
la  alao  a  buttarfly  typa  valva* 

Tha  valva  la  actuatad  by  a  28  volt  DC  motor.    Tha  opanlng  and 
dosing  of  thla  valva  la  alao  controllad  by  tha  rain  raaoval  switch. 

Hhan  tha  rain  raaoval  airltch  la  ON,  tha  valva  will  opan.  Tha 
valva  than  allova  hot  blaad  air  to  flow  to  tha  alzlng  point.  At 
thla  point,  hot  blaad  air  la  mlxad  with  tha  partially  coolad  air. 

Tha  air  floirlng  to  tha  nossla  la  a  slxtrura  of  tha  partially 
coolad  air  and  tha  hot  blaad  air.    Tha  bjrpaaa  valva  Incraaaaa  tha 
voluaa  and  taanaratura  of  tha  rain  raaoval  air. 


Notlca  tha  airflow  of  partially  coolad  and  hot  blead  air  in 
tha  llluatratlon. 


Iain  iimOvai 


lAiN 

Al 

SHUTO^f 

VAI.VI 

HOT  Al#  OWCT 


iteto  At*  ^ifssutt 
•eouiAioi  AN& 


J  ^KMAlT 

HtAf 
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Frws  8  (Continued) 


Fill  la  thm  blanks  to  coiipl«t«  the  folloirlxig  stat^ntats* 

1.     Thm  hot  tlMd  air  going  to  tha  rain  raaoval  nozsla  la 
contrpllad  by  tha 


Tha/  air  f  loving  to  tha  rain  ranoval  nossla  la  a  alxtura 
ot'  .  air  and  . 


2. 

of/  

•  ^  air. 


3.     Tha  rain  raooval  bypaaa  valva  la  actuatad  by  a 
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Aawwtt  to  Txtm  it    1.    bypAM  vslv«     2.    partly  cooltd     hot  hUmd 

3«    28  volt  DC  Mtor 


PrsM  9  r 

Mh/A  thtt  systM  1«  not  op«rAtlttg«  thm  drain  valvt  is  held  opw 
by  a  aprlat*    Whan  tba  rain  raaoval  aystaa  ia  tumad  ON,  air  praaaura 
in  tba  duct  will  ovarcona  tba  apring  and  forca  tha  drain  valva  CLOSED  > 

Tbia  allova  tba  vatar  to  drain  out  vban  tha  ayataa  la  turaad 
orr.    It  alao  doaaa  tha  drain  opaning  to  pravant  a  loaa  o£  air  i4ian 
tba  ayataa  ia  OU. 


WATM 

Fill  in  th«  blanks  to  conplet*  th«  following  statements. 

1.  The  rain  renovsl  drain  valve  Is  opened  by  a  

2.  The  rala  removal  drain  valve  Is  closed  by  
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AsxmimtB  to  FrtM  9:    !•    •prlni     2.    air  ptMSurs 

?rafflt  10 

Tht  idlustratloQ  btlov*  Shaw  tht  coieplttt  systM  with  th«  rain 
rMOval  fvitcb  in  tha  ON  poslclon.    A  schamatlc  of  tha  alactrlcal 
'  circuitry  la  also  ihoc^jt.  ^ 

Traca  tha  path  for  alactrlcal  currant  flov  when  this  systam 
la  tumad  ON,    Currant  flowa  froa  tha  circuit  braakar»  throu|;h  tha 
rain  raaoval  switch. 

frba  tha  svltch,  currant  than  flova  to  tha  lov  prasaura  solanold 
on  tha  blaad  air  prassura  ragulator  and  shutoff  valva.    Thla  cuta 
doim  tha  air  praasura  going  to  tha  air  conditioning  systam. 

Currant  la  also  dlractad  to  tha  OPEN  windings  of  tha  rain  ramoval 
jhutoff  valva  aotor.    Thla  oparatas  tha  rain  ramoval  shutoff  valva  ' 
to  tha  OPEN  poaltlon. 

Whan  tha  valva  raachas  tha  full  cpan  poaltlon.  It  aovas  a  limit 
switch*    Tha  limit  switch  Is  Inalda  tha  valva  motor.    Tha  switch 
stops  currant  flow  to  tha  rain  ramoval  ahutoff  valva. 

riia  liMix  switch  thau  dlracts  tha  currant  flow  to  tha  tLit. 
ramoval  bypass  valva  motor •  Currant  than  flows  through  tha  OPEN 
windings  of  tha  rain  ramoval  bypass  valva  motor,  cpanlng  tha  valva. 


RAIN  RSmOVAI 
SY^ASS  VAIVI 

Hotlca  tha  operating  saquanca*    Tha  saquanca  will  ba  important 
whan  troublashootl  g  tha  systam.    Whan  tha  rain  removal  switch  Is 
tumad  to  0N»  tha  rain  removal  shutoff  valve  will  open  first. 

13 
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frum  10  (Coaeli)u«d} 

Th«  r«ln  rmovtl  byp«M  v«lv«  will  th«n  OPEN.    Th«  rain  removal 
•hutoff  v*lv«Sbu«t  !>•  fullf  op«n  b«£or«  th«  bypws  valve  will  start 
CO  opw« 

TbA  rain  rUoval  vmlvM  «rt  5tqu#nc«d  this  w*y  to  prevent  a  rapid 
taapatatura  lacraaaa  of  tha  irlndahiald.    A  rapia  incraaaa  of  teiaparatura 
could  dlatort  or  danaga  tha  vlndahlald. 

FiU  In  tha  hlanM  to  cop^>lata  tha  following  atataments. 

1.     Whan  tha  rain  raaoval  fintch  la  tumad  on,  tha  low  praaaura 
ao7^old  will  ba   • 

Z.     Uhaa  tha  rain  ra»oval  awitch  la  tumad  on,  .the  valve  that 
opana  f  Irat  la  tha  rain  raooval  _  — 


3.  xha  rain  removal  bypaaa  valve  will  open  only  after  the 
rain  raaoval  ahutoff  valve  ie  fully  ,  ^  

4.  Whan  tha  rain  removal  awitch  la  tumad  on,  the  air  pressure 
going  to  the  air  conditioning  system  is  ^  ^ 
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is? 


Ansvtrs  to  Prtas  10  i    1.    cnarglzed     2,    shutoff  valve     3.  open 

4^  reduced 

Frame  11 

The  sketch  shorn  the  diys^.ea  with  the  rain  renoval  switch  in 
the  OFF  poiltlon.  Again  there  ia  a  sequence  of  operation  of  the 
valvee. 

Moving  the  svltch  to  OFF  will  open  the  circuit  going  to  the 
1cm  {treasure  solenoid  on  the  bleed  air  preaaure  regulator  and  ahutoff 
valve.    Thla  deenerglzea  the  aolenoid.    The  regulator  ia  then  alloved 
to  control  preaaure  at  the  higher  aettlng  for  normal  air  conditioning. 

With  the  airltah  OFF,  current  flowa  from  the  circuit  breaker* 
through  the  OFF  contact  of  the  avitch.    From  the  svltch,  Current 
flow  to  the  cloae  vlndlnga  of  the  rain  removal  bypaaa  valves  motor. 
Thla  dperatea  the  bypaaa  valve  ti  the  cloaed  poaltion. 

Uhen  the  bypaaa  valve  reachea  fully  cloaed,  a  limit  avlfch  stops 
the  current  flow  to  the  bypaaa  valve  motor.    Current  flow  ia  then 
directed  to  the  CLOSE  vlndlnga  of  the  iraln  removal  ahutoff  valve 
motor.    Thla  operatea  the  rain  removal  shutoff  valve  to  the  cloaed 
poeltlon. 


RAIN   RlMOVAl  N0*ZlC 


RAIN  REMOVAL 
SYPASS  VAIVC 


Did  you  notice  the  sequence  of  valve  operation?    When  che  switch 
la  turned  to  OFF,  the  bypaaa  valve  closes  first,  then  the  shutoff 
valve  cloaea.    Thla  ia  opposite  from  tha  sequence  when  the  svltch 
vaa  turned  ON. 
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i  11  (CoQtlmuid)  * 
nil  In  the  blanks  to  coopltte  the  follwlng  statenMints. 

1.  When  the  rein  reaovel  switch  le  pieced  to  OFF,  the  low 
preeeure  solenoid  is  

2.  Piecing  the  rein  reaovel  switch  to  OFF^  directs  electrical 

power  to  close  the  rein  rnnovel  .  

  first. 

3.  The  rein  rboovel  shutoff  valve  closes  only  after  the  rain 
removel  bypess  is  fully   ;  . 
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Aofiftrs  to  frmam  11:    1*    demerglztd     2*    bypMS  valva     3.  closed 

FrasM  12 

Answer  the  f ollovlag  etateoents  true  (T)  or  False  (F) • 

1*     The  purpose  of  the  rain  reooval  system  is  to  keep  the  canopy 
clear  of  rain*  ^ 

2>     The  rain    jnoval  shutoff  valve  controls  the  flow  of  partially 
coolfid  air. 

 ^3.     The  partially  copied  air  for  rain  retuoval  is  tapped  from 

the  secondary  section  of  the  heat  exchanger* 

4«     For  the  bleed  air  pressiure  ;cegulator*  and  shutoff  valve 
to  open,  the  emergency  vent  knob  must  be  pushed  in. 

 5.     The  volume  and  temperature  of  the  rain  removax  air  is 

Increased  when  the  rain  removal  bypass  x^alve  is  opened. 

6.     The  rain  reaoval  shutoff  and  ^yp6ss  valves  are  both  actuated 
by  a  28  volt  DC  motor. 

 7*     The  rain  removao.  'rain  valve  is  held  open  by  a  spring*  and 

closed  by  air  nressiure. 

 8.     For  the  rain  removal  bypass  valve  to  open,  the  rain  removal 

shutoff  valve  oust  be  fully  open. 

 ?.     The  rain  removal  bypass  valve  closes  after  the  shutoff 

valve  has  closed. 


^10.     The  rain  removal  shutoff  valve  and  the  rain  removal  bypass 
valve  are  controlled  by  the  rain  removal  switch. 


I  GO 
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AummtM  to  Fr 


U:    1.    F  .  2.    T     3.    F     4.  T 
7.    t""   8.    T~   9.    F     10.  T 


5.    T     6.  T 


Fri 
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Thm  rain  removal  ays  cam  doaa,  not  have  a  mftana  of  controlling 
tha  air  taai^arattire  .automatically.    Thara  la  a  ayatam  to  warn  the. 
pilot  whan  thm  vlndiblald  tavparatisra  la  ralsad  to  a  point  vhere 
It  could  cauaa  damaga  to  tha  vlndahlald  panel.    This  la  tha  vlnd<- 
ahlald  twparatura  overheat  warning  ayatam.    Whan  an  overheat  condition 
ezlata»  tha  pilot  reducea  the  temperature  by  turning  nhe  rain  removal 
ayatM  OFF« 

# 

Tha  vlndahlald  taiqieratura  overheat  warning  aystem,  conalata 
ot  tha  following  componenta.  '  Locate  thea^  coiq)onent8  in  the  illuatratlon 
ahown  below. 


Vindahleld  Temperature  Senalng  Amplifier 
Wlndahlald  Temperature  Sensing  Eleioent 
Vindahleld  Temperature  High  Warning  Light 

3- 


•"K 


TlMlflArVMf 


WiNOSHlllO  MNSiNC 


Fill  in  the  blanks  to  complete  the  following  statements* 


1.      Exceaaively  hot  air  would  probably 
wlndahlald « 


2. 


3* 


the 


Tha  temperature  of  the  rain  removal  air 
(la /la  not)  controlled  automatically. 


A   — ,    tells 

the  pilot  that  hla  wlndahlald  is  getting  too  hot  for 
safety* 


18 

lei 

ERIC 


1390 

AxuRftrt  to  PraiM  13:    1.    danaga     2.    la  not 

3.    varnlng  ll^t  or  warning  system 

Fraxaa  14 

Tba  vlndthiald  taop^ratura  sanalng  alaaaant  (sansor) ,  shown 
balowy  la  oountad  on  tha  lower  part  of  the  windshield.    The  elexnant 
will  aenae  tha  teaparature  of  tha  windshield. 

Thla  sanalng  elefflant  has  a  poaltive  coefficient  of  resistance. 
Km  tha  tasparature  increaaes,  the  realatance  of  the  sensing  element 
•also  Increaaaa. 

Whan  the  wlndahield  temperature  reaches  260 ^F,  the  increase 
in  sanaor  circuit  reals tance  sends  a  signal  to  the  windshield  temperature 
aanalng  amplifier. 

The  aketch  ahowa  the  windshield  temper^iture  sensing  element. 
Also  shown  la  the  relationahip  of  the  sansor  to  the  other  units  in 
the  wlndahield  temperature  sensing  circuit. 
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14  (Contlau«d) 

ConvUW  tlv.  following  ttaf-ents. 

1.     The  wind.hi.ld  te«p.r.tur.  ..n.ing  .le«.nt^.  th. 
temperature  of  the  • 

of  the  .ensifig  element  
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to  trmuk  14:    1,    windshield     2.    positive     3.  dtctMStt 


Frame  15 


The  irlQdehield  tenpereture  eeneiog  ai^llfler,  shown  below  holds 
e  oegnetic  saplifier,  end  e  relay.    The  magnetic  amplifier  requires 
115V  AC  power  to  operate  and  Qnergise  the  relay. 

During  normal  windshield  ten^eratures ,  the  magnetic  amplifier 
allows  c*irrent  to  flew  through  the  relay  xoil^  energising  the  relay. 
This  keeps  the  relay  contacts  open. 

When  the  windshield  ttmperature  reaches  260*F,  the  signal  from 
the  sensor  stops  the  magnetic  amplifier  from  conducting.  Current 
flow  to  the  relay  coil  Is  stopped.    Thi  relay  then  dev  ^erglzes  and 
allows  the  contacts  to  close. 

When  the  re^^ay  contacts  close »  current  flows  from  the  warning 
light  pow^r  circ'd.t  breaker  chrough  the' relay  contacts.  Current 
then  flow«  tc  the  wlndshi*?ld  temperature  HI  warning  light. 


O  CAUf»ON 
It.  THT 


WAtNtNC 
IT  ^Wi 


rHl' 


WiNOSMifiO  SlNS<NC 
lltMf  NT 
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Fraat  15  (Contlnutd) 

Fill  in  tht  blrnks  to  conplttt  tht  following  statamenti. 

1.  Tha  vlndshiald  ctaiparmtura  stating  ampli.fiar  contains  a 

amplifier* 

2.  Tha  115  volt  AC  powar  Is  raquirad  to  oparata  tha   

ampllflar. 

3.  Tha  signal  for  oparation  of  tha  magnatic  amplifier  is 
from  tha  vlndahiald  tamparatura   ^  ' 


4«     Ilia  nagnatic  ampUfiar  controls  tha  oparation  of  a 

 •  A 

5.     Whan  tha  vindabiald  tamparature  reachas  ?.60^F,  tha  windshield 
taoparatura  sanslng  amplifier  will  turn  on  tha  war^^ng 
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Anwers  to  trtmrn  15:    1.    Mgnetic     2.    magnecic     3.    sttnalog  element 

4.    relay     5.  light 


Frame  16 


When  the  vlndehleld  teopernture  reaches  260^F  the  WINDSHIELD 
TEMP  HI  warning  li|^t,  ehovn  belofw,  lights  to  warn  the  pilot. 

When  this  happens,  the  pilot  must  turn  the  rain  removal  system 
OFF.    After  the  windshield  temperature  drops,  the  warning  light  will 
go  OFF.    The  pilot  can  turn  the  rain  removal  system  back  OH. 

There  is  no  means  for  automatically  controlling  rain  removal 
temperature.    The  pilot  aust  control  the  temperature  manually.  The 
wlcdshield  temperature  warning  svit-.en:  tells  the  pilot  if  the  wind- 
shield temperaturo  is  too  hot. 

The  sketch  below  shows  the  circuit  with  the  warning  light  on 
(temperature  above  260*F)«    Notice  the  path  for  current  flow  from 
the  warning  light  power  circvJt  breaker  to  the  light.    When  the 
temperature  again  drops  below  260'*F,  tliS  magnetic  amplifier  will 
conduct.    The  amplifier  energizes  the  relay  and  opens  the  contacts. 
This  will  stop  current  flow  to  the  light. 
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FraM  16  (ccmtlnutd) 

rill  in  tht  blanks  to  complata  thy  folloirLng  statements. 
1*     The  rain  renoval  teoperature  Is  controlled  by  the 


ERIC 


2.     The  purpose  of  the  vlndshield  t«^erat\xre  overheat  warning 

ays tern  Is  to  warn  the  pilot  lAien  the  '  

— ^  above  260*P. 

i»     When  the  WXUDSHIZLD  TEMP^I  warning  11^ t  cornea  on,  the 

pilot  oast  turn  off  the   


"  167 
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nnmrMt  to  Fr«M  16: 


1«  pilot  2*  tfliidthltld  titxnperature 
3.    rain  r«ffloval  systtto 


FraoMk  17 


k  warning  light  systam  la  of  no  valua  uclaaa  v«  ara  aura  It 
win  work  proparly*  Iha  pilot  can  taat  tha  warning  light  ayatam 
bafora  aach  fli^t«    Ha  uaaa  a  warning  lit^t  taat  twitch* 

Tha  akatch  ahova  tha  warning  li^t  taat  circuit  is  uaad  to  taat 
tha  WmsSBIELD  TEMP  HI  warnlrg  light. 

Uhan  tha  warning  light  taat  awltch  la  cloaad  (taat  poaition), 
currant  flova  from  tha  warning  li^t  control  circuit  braakar  to  tha 
warning  light  control  unit.    Thla  anarglaaa  a  ralay  in  tha  c^atrol 
unit.    With  tha  ralay  anergisad,  currant  flowa  from  tha  warning  11^ t 
powar  circuit  braakar »  throu^  tha  relay  contacta  and  to  tha  light. 

Placa  tha  warning  11^ taat  awltch  in  tha  taat  poaltion.  If 
tha  warning  li^t  coaaa  ON,  tha  pilot  knowa  tha  circuit  and  tha 
light  bulb  ara  working  properly.    If  tha  light  doaa  not  coma  oa» 
it  Indlcataa  a  dafact  in  tha  circuit  or  a  bumad  out  light  bulb. 

Tha  warning  light  taat  switch  illustrated »  shows  testing  of 
only  one  light.    On  the  actual  aircraft,  this  switch  will  test  several 
warning  11^ t  ayatema. 
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Fill  in  the  blanks  to  complete  the  following  statements. 


1.     The  warning  light  control  unit  is  used  for 
the  warning  light  system. 


2.     Whan  checking  the  rain  removal  system,  you  can  determine 
if  the  warning  light  circuit  is  operating  properly  by 
using  the   


switch. 
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'^lL.r.  toFr«el7:    1.  ftlng 
fvaam  18 


2.    warning  light  test 


Statements  given 

Match  th.  unit.  Ji-"J/j.=,?inro«  cfltx  "B"  in  the  blank, 
in  colum  "A"  by  placing  tha  latter  irom 

provided. 


Column  A  ^ 

1.  Allows  the  water  to  drain  out 
when  the  system  Is  off. 

2.  Senses  the  temperature  of  tha 
center  windshield. 

3       controls  the  flow  of  parxlally 
cooled  air  from  the  heat 
exchanger . 

4.  Contains  a  magnetic  aajlifler 
and  controls  a  relay  which 
turns  on  the  warning  litfit. 

5.  Controls  the  hot  bleed  air 

—  going  to  the  rain  removal 
nozzle • 

6.  Reduces  the  pressure  of  the 

—  bleed  air  for  both  air  cond- 
itioning and  rain  removal  to 
40  psi. 

7.  Warns  the  r-Ho^  that  the  wind- 
  shield  temperature  is  too  high. 


Colusa  B 

A.  Rain  removal  bypass 
valve 

B.  Low  pressure  801enoi( 

C.  Windshield  temperatu: 
sensing  amplifier 

D.  Rain  removal  drain 
valve 

E.  Windshield  texoperatu 
sensing  element 

F.  Rain  removal  shutoff 
valve 

G.  Windshield  temp  hi 
warning  li^t 
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Anavtrs  to  FraoMi  18:    1.    D     2.    E     3.    F     4«    C     5.    A     6.  B 

7.  G 


Fram^  19 

Op«n  foldout  1  at  th«  back  of  thla  ttxt.    Tdim  la  tha  wiring 
diagram  you  will  uaa  for  analysing  tha  alactricdl  circulta  of  tha 
raltt  raflK>val  ayatam.    It  la  alao  uaad  for  troubleehooting  tha  ayatam 
on  tba  tralnar. 

Tha  wiring  diagraa  Includaa  tha  rain  ramoval  valva  control 
circulta,  tha  windahiald  taa^aratura  aanaing  circulta,  and  tha  warning 
li^t  taat  circuit*    To  halp  you  undaratand  tha  ayatam  oparation, 
we  will  traca  aach  of  thaaa  circulta. 

RAIN  REMOVAL  VALVE  CCriTROL  CIRCUIT 

Uaa  a  REp  paocil.  Ualng  your  RED  pancil,  traca  tha  circuit 
from  tha  28  volt  DC  rain  raaoval  circuit  braakar  to  pin  E  of  the 
circuit  breakar  panal  (J/P315B) • 

Froct  pin  E  on  J/P315B,  traca  to  pin  D  of  the  rain  removal  avitch 
over  wire  #  M6A20.  Ihen  traca  into  the  center  contact  of  the  switch. 
Thla  circuit  provides  power  for  valve  operation. 

Uaa  a  BLUE  pencil.    Using  yoxxr  BLUE  pencil,  draw  the  rain  removal 
switch  to  ON.    Trace  the  circuit  from  the  ON  contact  to  Flu  E  of 
the  s.rttch  (J/P204). 

Now,  trace  from  pin  E  of  the  switch,  following  wire  ^  H8D20 
tc  pin  A  of  the  pressure  regulator  and  ahutoff  valve.    Then  traca 
through  the  low  preaaure  spleno^  to  pin  B  and  from  pin  B,  trace 
over  wire  #  M4A20N  to  ground. 

Thla  circuit  energizes  the  low  pressure  solenoid  which  reduces 
the  air  conditioning  system  pressure; 

Go  back  to  the  point  where  wire  #  M8C20  taps  off  of  wire  #  M8D20. 
Trace  down  to  pin  A  of  the  rain  removal  shutoff  valve. 

Then  trace  through  the  limit  switch  and  the  valve  motor  to  pin 
E  (J/P105).    Then  trace  from  pin  E  n%'^L  w^ire  f  M9A20N  to  ground. 
This  circuit  operates  the  rain  removal  valve  to  the  open  position. 

As  the  shutoff  valve  reech«a  full  open,  the  open  limit  switch 
moves  to  the  opposite  position.    This  opens  the  circuit  to  the  motor 
and  alao  coopletea  the  circuit  between  pins  A  and  C.    Both  on  J/P103. 

Also,  aa  the  shutoff  valve  reaches  the  full  open  position, 
the  CLOSE  limit  switch  moves  to  the  opposite  position. 

Trace  the  open  limit  switch  so  the  circuit  is  complete  from 
pins  A  to  C  of  the  ahutoff  valve <,    Draw  the  close  limit  switch  to 
the  opposite  position,  to  complete  the  circuit  from  pin  B  to  the 
cJ-^ae  side  of  the  shutoff  valve.    DO  NOT  trace  any  farther  than  the 
closed  side  of  the  motor  at  this  tiire. 


Fmat  19  (Continued) 


Trace  the  circuit  from  pin  C  of  the  shutoff  valve  over  wire 
#  K16A20  to  pin  A  of  the  by pees  valve  (J/P104) . 

From  pin  K  of  the  bypaBs  valve,  trace  through  the  OPEN  limit 
iiritch  and  the  valve  motor  to  pin  C  (J/P104) ,  and  then  trace  over 
wire  #  MiaA20N  to  ground. 

Current  flow  through  this  circuit,  operates  the  bypass  valve 
to  the  open  position. 

When  the  bypass  valve  is  full  open,  both,  the  OPEN  and  CLOSE 
limit  switches  change  to  the  opposite  position  which  stops  the  motor 
from  running  £iy  farther. 

Notice  that  when  you  place  the  rain  removal  switch  ON,  the 
shutoff  valve  opened  first,  then  the  bypass  valve  opened.    Also  that 
the  low  pressure  solenoid  energized. 

The  circuits  you  have  traced  so  far,  reduce  air  pressure  from 
the  pressure  regulator  and  shutoff  valve  and  opens  the  rain  removal 
shutoff  and  bypass  valves.    This  allows  airflow  to  the  rain  removal 
nozzle. 

Use  a  Q^EN  pencil.    Using  your  green  pencil,  draw  the  rain 
removal  switch  to  the  OFF  position.    Notice  that  this  opens  the  circuit 
to  the  low  pressure  solenoid  on  the  bleed  air  pressure  regulator 
and  shutoff  valve. 

This  action,  deenerglzes  the  Ic^  pressure  solenoid  and  the 
bleed  air  pressure  regulator  can  now  regulate  air  pressure  at  the 
^l^er  setting. 

Now,  trace  from  the  OFF  contact  to  pin  F  (J/P204)  on  the  rain 
removal  switch.  Then  trace  from  pin  F  over  wire  #  M7A20  to  pin  B 
on  the  bypass  valve. 

You  should  remeinber  that  when  the  bypass  valve  reached  the 
full  open  position  both  the  OPEN  and  CLOSED  limit  switches  moved 
to  the  opposite  position. 

Trace  from  pin  B  of  the  bypass  /alve,  through  the  CLOSE  limit 
switch  and  then  through  the  valve  motor  to  Pin  C.  Then  trace  from 
pin  C  over  wire  #  M18A20N  to  ground. 

This  will  operate  the  bypass  valve  to  the  closed  position.  As 
the  valve  reaches  the  full  closed  position,  both  the  open  and  close 
limit  switches  move  back  to  the  original  positions. 

This  means  that  the  bypass  valve  will  stop  operating,  and  current 
will  flow  from  pin  B  to  pin  D  (J/P104) . 


Still  using  your  (SEEN  pencil,  draw  the  open  limit  switch  to 
the  motor  contacts  and  the  close  limit  switch  to  the  opposite  position. 


Trace  the  circuit  from  pin  3  to  pin  D.    Then  trace  from  pin 
D  (J/P104)  over  wire  #  17A20  to  pin  B  of  the  shutof f  valye  (J/P105) . 

The  closed  limit  switch  has  already  been  moved  to  the  closed 
position,  80  current  can  flew  from  pin  B  through  the  limit  switch 
and  the  valve  motor  to  pin  £. 

From  pin  E,  trace  current  flow  over  wire  #  M9A20N  to  ground. 
This  will  operate  the  shutof f  valve  to  the  closed  position. 

Notice  that  when. the  system  is  turned  OFF,  the.  low  pressure 
solenoid  deenergises,  the  bypass  valve  closed  first,  then  the  shutof f 
valve  closed.  This  is  just  the  opposite  of  the  way  the  valves  opened. 


NO  RESPONSE  REQUIRED 


7r«M  20 


Thmvm  are  five  statemtnts  listed  below  that  refer  to  the  circuit 
you  have  juet  traced.    Read  each  statenent,  then  i^nalyse  the  circuit 
to  determine  if  the  itateaent  ia  true  (T)  or  falact  (F). 

1,     An  open  In  wire  nuaber  M6A20  would  cause  the  rain  removal 
system  to  be  inoperative. 

2>     With  an  open  in  wire  number  M16A.20,  the  rain  removal  bypass 
valve  would  fail  to  open. 

 3.     With  an  open  in  wire  number  M7A20,  the  rain  removal  bypass 

valve  will  not  open. 

4,  ^iith  an  open  in  wire  number  M17A20,  the  rain  removal  shutoff 
valve  cannot  be  closed. 

5.  An  open  in  the  low  pressure  solenoid  (wire  number  MAa201i) 
would  cause  the  bleed  air  pressure  regulator  and  shutoff 
valve  to  stay  closed. 
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Atifw«r8  to  Frame  20:    1.    T     2.    T      3.    F     4,    T     5.  F 

Frame  21 

Use  an  ORANGE  pencil.    Trace  the  windshield  temperature  overheat 
warning  circuits  on  foldout  1.    Start  at  the  115  volt  AC  windshield 
temperature  sensing  circuit  breaker* 

Trace  from  the  clrcait  breaker  to  pin  H  on  the  circuit  breaker 
panel  (J/F315B) . 

Then  trace  from  pin  H  over  wire  //  H56A20  to  pin  G  on  terminal 
strip  (J/P387)- 

Trace  from  pin  G  on  J/P387  over  wire  if  Hb6B20  to  Junction  point 
FC5  and  then  continue  over  wire  #  H56C20  to  pin  C  of  the  windshiela 
temperature  sensing  amplifier  (J/F201) . 

Nov  trace  from  pin  C  into  the  amp  and  then  back  out  of  the  amp 
to  pin  D  of  the  Sensing  Amplifier  (J/P201) « 

Trace  from  pin  D  Or^Ol)  over  wire  #  H55A20N  to  ground. 

This  circuit  provides  115  "^olts  AC  power  fot  the  operation  of 
the  windshield  temperature  sensing  amplifier.    If  the  windshield 
temperature  is  below  260 **F,  the  relay  will  be  energized. 

Nw  we're  going  to  trace  the  windshield  temperature  sensor  circuit. 

Using  your  orange  pencil,  start  by  tracing  from  pin  E  (J/P201) 
of  the  windshield  tempersw  ire  sensing  amplifier  over  wire  #  H58A20 
to  Che  windshield  sensor. 

Then  trace  through  the  sensor  and  back  to  pin  F  (J/P201)  of 
the  windshield  temperature  sensing  amplifier  over  wire  #  H57A20. 

When  the  temperature  increases  to  260 ''F*  the  resistance  of  the 
sensor  will  have  increased  to  the  point  at  which  the  magnetic  amplifier 
stops  conducting.    This  will  deenergize  the  relay.    Draw  the  relay 
to  the  deenergized  position.  _ 

Use  a  YELLOW  pencil.  Trace  the  circuit  from  the  14/28  volt 
AC  warning  light  circuit  breaker  to  pin  A  on  the  circuit  breaker 
panel  (.J/P315B)  • 

Then  trace  from  pin  A  on  the  circuit  breaker  panel  over  wire 
9  H188A20  to  junction  AC19. 

Now  trace  from  junction  AC19  over  wire  #  H188B20  to  pin  E  of 
J/P387.    Continue  from  pin  E  over  wire  //  H188C2^  to  pin  B  of  the 
windshield  temperature  sensing  amplifier  (J/P201) . 

The  relay  tz  deentergised,  so  current  will  flow  through  the 
contact  to  pin  A  on  J/P201. 

From  pin  A  trace  over  wire  #  H60B20  to  pin  F  on  J/P387. 
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FraoMi  21  (Contlnu«d) 


Then  tract  from  pin  F  over  wire  #  H60C20  to  the  Junction  point.  From 
here  current  will  flow  o^er  wire  #  H6OD20  to  jin  C  of  the  warning  light 
(J/?265) . 

Continue  on  into  the  light  to  it's  ground.    This  circuit  turns  on  the 
warning  light. 

The  relay  inside  the  windshield  temperature  sensing  amplifier  is 
controlled  by  the  magnetic  amplifier.    The  amplifier  receives  its  signal 
from  the  windshield  sensor. 

When  the  windshield  twaperature  reaches  an  overheat  condition  (ab^ve 
260 ^F) ,  the  resistance  of  the  sensor  increases.    This  increase  in 
resistance  causes  the  amplifier  to  deenergize  the  relay.    Thic  relay 
then  allows  power  to  flow  to  the  warning  li^t,  which  in  turn  lights 
the  warning  light. 

No  response  required »  continue  with  the  next  frame. 
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Frame  22 

WARNING  LIGHT  TEST  CIRCUIT 

Use  a  BROWS  pencil.    The  reMlnlng  circuit  to  trace  on  foldout 
1  la  the  warning  light  test  circuit.    This  circuit  enables  the  pilot 
to  test  the  warning  llg^t  circuit  for  proper  operation. 

To  trace  this  circuit,  start  at  the  28  volt  DC  warning  light 
control  circuit  breaker.  Trace  froo  the  circuit  breaker  to  pin  D 
of  the  cirquit  breaker  panel  (J/P315B) . 

Then  trace  from  pin  0  over  wire  #  L4CA20  to  pin  N  of  the  warning 
li^t  test  switch. 

Draw  the  switch  to  the  teat  position.    Trace  ftom  pin  N  through 
the  switch  to  pin  P. 

Trace  from  pin  P  over  wire  #  L50A20  to  junction  FCl. 

Trace  from  junction  FCl  over  wire  #  L50B20  to  pin  B  on  the 
:;ming  light  control  unit  (J/P207B) . 

Trace  through  the  relay  to  pin  A.    Then  trace  from  pin  A  over 
wire  #  L82A20K  to  ground. 

This  will  energize  the  relay  in  the  warning  light  control  unit, 
pulling  the  contact  to  the  right.    Draw  the  relay  to  the  energized 
position. 

Trace  current  from  junction  point  AC19  over  wire  i\  L188B20  to 
pin  r       the  warning  li^t  control  unit  (J/P207B) . 

Because  the  ralay  is  energized,  current  will  flow  from  pin 
P  through  the  contacts  to  pin  R  on  J/P207B.    Trace  this  circuit. 

Now  trace  from  pin  R  over  wire  #  H60A20  to  the  first  junction 
point.    At  the  junction  point,  wire  #  H60A20  turns  into  wire  #  H60D20. 

Continiie  tracing  from  the  junction  point  over  wire  #  H60D20 
to'p^n  C  on  the  warning  light  and  then  to  ground. 

The  warning  ligjit  teat  circuit  you  have  just  traced  will  cest 
the  wiring  to  the  light  and  also  the  light  bulb  Ijself .    The  circuit 
will  not  test  the  windshield  temperature  seilsing  amplifier. 

Complete  the  following  statement. 

1.      The  warning  light  test  circuit   

(will/will  not)  tell  you  if  the  windshield  temperature 
sensor  and  sensing  amplifier  are  indicating  accurately. 
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Auvtrs  to  Frame  22:    I«    will  not 
Fr&m  23 

^  The  statements  listed  below  refer  to  the  circuits  that  you  have 
Just  traced.    Read  the  statement»  then  analyze  the  circuit  to  determine* 
if  the  statement  is  either  true  or  false. 

 1.      If  the  115V  AC  circuit  breaker  were  pulled  (open),  the 

warning  light  would  remain  on. 

 2.      If  the  14/28V  AC  circuit  breaker  were  pulled  (open),  the 

warning  light  wotild  not  operate. 

 3.      An  open  in  wire  nuaber  H58A20  would  cause  the  warning  light 

to  come  on. 

4>      An  open  in  wire  number  H60D20  would  cause  the  warning  light 
to  remain  on* 

 ^5.     A  short  between  wires  H60A20  and  L188B20  would  cause  the 

warning  light  to  remain  on. 

 ^6.      An  open  in  wire  number  H56B20  would  cause  the  warning 

light  to  remain  on. 
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hnmr^TS  to  Frime  23:1.T      2.T      3.T     4.F     5.T  6.T 

Frame  24 

Open  foldout  2  located  at  -he  back  of  this  text.    Tne  circled 
nuntoers  on  this  diagram  indicates  an  open  i-  the  circuit     Read  each 
of  the  problems  given  below  and  se\ect  the  circled  number  or  numbers 
that  could  cau^^e  the  trouble.    Place  , the  number  or  numliers  that  you 
select  in  the  blank  spaces  provided  opposite  each  problem. 
I 

1-    ^he  vra^DSHIELD  TEMP  HI  warning  light  remains  on  with 

the  rain  removal  switch  off  (temperature  belo--'  260^F)  . 


When  the  rain  removal  switch  is  placed  tc  the  ON 
position,  the  air  conditioning  system  pressure  does 
not  change  and  there  is  no  airflow  trom  the  rain 
removal  nozzle. 

The  rain  removal  shutuff  valve  opens  normslly,  but 
the  rain  removal  bypass  valve  fails  to  open. 


  The  viI^SHirTJ)  TEMF  TEMP  HI  warning  light  is  inoperative, 

  The  rain  removal  b3rpass  valve  closes  normally,  but 

the  rain  removal  shutoff  valve  will  not  close. 


6'    The  rain  removal  valves  opened  normally,  but  when 

the  rain  removal  switch  is  placed  to  OFF,  both 
valves  remain  open. 

Your  instructor  will  check  your  answers  for  correctness.  Rework 
those  problems  that  vou  have  not  solved  correctly. 
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RAIN  REMOVAL  SYSTEM  AND  TROUBLESHOOTING 

.  OBJECTIVE 

Uaing  a  mulr iinoter  and  wiring  'Jlagraa,  pt  rform  an  operal  fonal 
check  and  troubleshoot  the  rain  removal  system  trainer,  locatlnj^ 
the  cause  of  six  out  of  eight  troubles  correctly. 

BQUIPMBirr 

Basis  of  Issue 
Trainer  3336,  Rain  Removal  System  l/student 
Multimeter  AN/PSM-6  l/student 

PROCEDURE 

1.  Remove  all  of  yourjevelry*  Report  to  the  lab  dnstructor  and 
inform  him  of  the  lesson  on"whlch  you  are  working.  The  ^Astructor  will 
assign  you  to  a  trainer  and  provide  the  uecessary  equiptoent. 

2«      This  workbook  is  presented  in  two  sections*    Section  \  is  to 
fair^lliarize  you  with  the  components  of  the  rain  removal  system  trainer. 
Section  2  contains  the  steps  for  operationally  checking  the  systems  and 
the  nmlf tactions  that  you  are  to  troutilesboot.    Perform  each  step  as 
directed  on  the  follot^ng  pages.    If  yjou  do  not  understand  any  part  be 
sure  to  ask  the  instructo    for  assistance* 

SECTION  1.    RAIN  REMOViiL  SYSTEM  TKAINER  COMPONENTS 

1.  Locate  each  of  the  following  items  on  the  trainer.  The  name&i 
cf  the  items  are  listed  near  each  component. 

a*      Bleed  air  pressure  regulator  and  sbutoff  valve. 

Note  1:    This  is  the  pressure  regulator  and  shutoff  valve  that 
controls  air  for  cabla  air  conditioning.    The  controls  that  energize 
the  main  solenoid  ire  not  on  this  trainer.    Since  we  axe  only  con- 
cerned with  the  rain  removal  system,  the  only  part  of  this  regulator 
that  will  operate  is  the  low  pressure  oolenoid. 

b.  Rain  removal  shutoff  valve* 

c.  Rain  removal  bypass  valve. 
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d*  Windshield  tcsperatur*  sezisor* 

#•  Windshield  t#nper«^»4C^  sensing  amplifier* 

f.  Warning  It  cont  28V  DC  circuit  breaker. 

g.  Warning  It  pwr  14/28V  AC  circuit  breaker. 

h.  Rain  removal  28V  DC  circuit  breaker. 

i.  Windshield  temp  sensing  115V  A^circuit  breaker, 

J*  Rain  removal  switch. 

k.  Warning  lijjit  test  switch.  >^ 

1.  Overheat  simulator  switch. 

Note  2:    This  s%ritch  is  used  to  simulate  a  temperature  rise  above  260^F. 
When  the  switch  is  placed  in  the  simulated  overheat  position  it  in- 
creases the  resistance  in  the  sensor  circuit  causing  the  wlnd&hield 
temperature  sensing  amplifier  to  turn,  on  the  warning  light. 

2.  Trainer  preparation. 

a.  Place  all  trouble  switches  to  the  OUT  position.  These 
switches  are  located  on  the  right  end  of  the  trainer. 

b.  Push  in  all  circuit  breakers. 

c.  Place  the  rain  removal  switch  to  the  OFF  position, 

d.  Place  the  trainer  power  switches  to  the  ON  position - 
These  switches  are  located  cn  the  left  end  of  the  trainer, 

3.  Trainer  operation. 

During  each  of  the  following  steps  you  will  operate  each  component 
of  the  rain  removal  and  windshield  temperature  warning  systems.    When  a 
switch  is  actuaced  be  sure  to  notice  which  of  the  valves  operate  and 
the  valve  position.    Actuate  each  switch  as  directed.    From  your  observation 
of  the  trainer  operation »  complete  each  of  the  following  statements  by 
circling  the  correct  word. 

STEP  1.      Rain  removal  system  operation. 

(1)    Place  the  rain  removal  switch  to  ON, 
The  rain  removal  valve  (opens/closes)- 
The  rain  removal  bypass  valve  (opens/closesO . 
The  pressure  regulator  and  shutoff  valve  low 
pressure  solenoid  (energizes/deenergizes). 
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Note  3:    Sine*  w«  do  not  have  airflow  through  the  system  you  cannot 
observe  the  decrease  in  flow  to  determine  whether  or  noc  the  low 
pressure  solenoid  is  operating.    However,  you  can  check  to  determine 
if  the  solenoid  Is  energizing  as  follows:    Remove  the  electrical 
connector  by  unscrewing  it  from  the  solenoid  valve.    As  you  remove 
the  connector  you  should  hear  an  audible  click  as  the  solenoid 
decncrTizes.    Then  replace  the  electrical  connecter,  listening  closely 
as  you  do  so.    You  should  hear  the  click  as  the  solenoid  is  energized. 
Try  this  several  tines  co  be  sure  you  recognize  the  audible  sound  of 
the  solenoid  energising  and  deenergizing. 

(2)    Place  the  rain  removal  switch  to  OFF. 

The  rain  removal  bypass  valve  (opens /closes ) . 
The  rain  removal  shutoff  valve  (opens /closes ) • 

STEP  2.      Windshield  temperature  overheat  warning  system 

operation* 

(1)  Hold  the  windshield  temperature  sensor  simu- 
lated overheat  switch  to  simulated  overheat 
position. 

The  WINDSHIELD  TEMP  HI  warning  light  is  (on/off). 

(2)  Release  the  simulated  overheat  switch. 

Th3  WINDSHIELD  TEMP  HI  warning  light  ""s  (on/off). 
STEP  3.    WINDSHIELD  TEMP  HI  warning  light  test  circuit  operation 

(1)  Hold  the  warning  light  test  switch  to  TEST. 

The  WINDSHIELD  TEMP  HI  warning  light  is  (on/cff). 

(2)  Release  the  warning  light  cest  switch* 

The  WINDSHIELD  TEMP  HI  warning  light  is  (on/off). 
STEP  4*    Place  the  trainer  power  switches  to  OFF^ 
COMPARE  THE  ANSWERS  THAT  YOU  HAVE  SELECTED  TO  THOSE  GIVEN  BELOW. 
Answers  to  trainer  operation  statements* 

STEP  1.     (1)      opens.  ^         STEP  2.     (1)    on.  STEP  3.     (1)  on 

opens.  (2)    off.  (2)  off. 

energizes. 

(2)  closes, 
closes. 

your  answsM  dc  not  agrae,  check  with  the  instructor.     If  your 
agree,  then!  the  trainer  is  operating  correctly. 

Sensor  resistance* 


If 

answers 

4. 


IV3 

a.     Knoviag  th«  ooraal  raalttance  valua  of  the  sensor  vill  be 
helpful  vhaa  troublaahootlng  the  ayatem. 

b*  To  meaaura  the  raalatance  of  the  aensor,  the  clrcxilt  must 
be  iaolated.  To  Isolate  the  sensor  circuit,  disconnect  the  AN  connector 
froa  the  windshield  tentparature  sensing  aaplifier*  With  this  disconnected 
you  can  naaaure  the  aanaor  reaistance  from  the  check  point »  pins  E  and  F 
at  the  ta«peratura  sensing  amplifier.  Using  the  multimeter,  measure  the 
raalatance  of  the  sensor* 

The  sensor  resistance  is  

^  c.      Ask  the  instructor  for  the  anilent  temperature  in  the  lab 

area* 

Temperature  is  • 

d.      The  graph,  illustrated  in  figure  1  below,  shows  the  normal 
sensor  resistance*    Using  the  graph,  determine  the  resistance  range  for  the 
sensor  at  the  praaent  airisiant  temperature  In  the  lab.    la  the  aeaaured 
reaiatanca  of  the  aenao.-  within  the  range  given  on  the  graph?  (yes/no). 


AMDINT  TCMPE'MTU«e>F 


^/IP.4C  20    ANO  F  40    AND    f  At.Ail^ 

f  ACM    THIU    f  AC  19    AHO    tf   AC  t7  THIU 
IP  4C  If    A^Tfl   r  O  If  4  304 

Figure  1.    Windahleld  Temper Atura  Senaor  Reaistance  Graph. 

Inatructlons  tost  using  the  temperature  sensor  resistance  graph. 

Locate  the  vertical  line  for  the  ambient  temperature .    Follow  this 
'ine  up  to  the  shaded  area,  then  follow  the  horizontal  -.xnes  to  the  laft 
to  determine  the  reaiatanca  range  In  ohms.    The  mciatfured  resistance  should 
be  within  thxa  range. 

Ejtan)le:    If  the  temperature  is  120°F,  then  the  resistance  should 
be  between  112  and  142  ohms* 
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SECTION  2.    OPERAIIOM  AND  TROUBLESHOOTING 

OPEBATIONAL  CHECK 

1.  The  steps  that  you  perfonsed  In  paragraph  3a  of  Section  1  Involved 
operating  each  conponent  In  the  rain  removal  and  windshield  temperature 
overheat  warning  systeos.    Thev  determine  If  each  component  was  operating 
properly  end  are  called  operational  checka. 

2.  The  chart  below  formalizes  the  operational  check  procedures  in 
an  outline  form.    With  troubleshooting,  you  will  be  required  co  perform  an 
operational  check  for  each  trouble.    To  insure  that  you  are  familiar  with 
Che  procedure,  turn  on  the  trainer  power  switches  and  perform  an 
operational  check  using  the  outline  below*    After  you  have  competed  the 
operational  checks,  continue  with  the  troubleshooting  part  of  this  lesson. 


Switch  Positioning 

Operating  Valve  or  Light 

Valve  Position  and 
Light  Indication 

Place  the  rain  removal 
switch  to  ON. 

Rain  removal  shutoff  valve 
Rain  removal  bypass  valve 
Low  pressure  solenoid 
WINDSHIELD  TEMP  HI  Light 

OPEN 
OPEN 

Energized* 
OFF 

Place  the  rain  removal 
switch  to  OFF. 

Rain  removal  bypass  valve 
Rain  removal  shutoff  valv^ 
Low  pressure  solenoid 
WINDSHIELD  TEMP  HI  light 

CLOSED 
CLOSED- 
Deenergizei* 
OFF 

Place  the  windshield 
temperature  sensor 
simulating  switch  to 
slnulated  overheat.  Hold 
in  position. 

WINDSHIELD  TEMP  HI  light 

ON 

Release  the  sensor 
simulating  switch. 

WINDSHIELD  TEMP  HI  light 

OFF 

Place  the  warning  light 
test  switch  to  TEST. 
Hold  in  position. 

WINDSHIELD  TEMP  HI  Light 

ON 

lelease  the  warning  light 
test  switch. 

WINDSHIELD  TEMP  HI  light 

OFF 

*See  Noce  3 
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TROUBLES  HOOT  IMG 

1.  P«rfonB  an  operational  check  for  each  trouble  to  determine  the 
malf uoccicnlng  cottp:?nent  or  components. 

2.  Using  a  vnzed  pencil /trace  the  electrical  circiiits  that  operate 
or  control  the  aalfunctloning  component. 

3.  Use  the  multimter  co  locate  the  cause  of  the  trouble. 

Note  4:    When  measuring  voltage,  be  sure  the  meter  is  set  to  the 
correct  voltage  range.    Make  sure  you  have  the  negative  (black)  lead 
to  ground.    This  trainer  does  not  have  a  coanon  ground  point,  use 
any  one  of  th^  vrlves  for  ground.    Be  ture  the  trainer  power  -switches 
are  OFF  and  the  meter  is  cet  at  OHMS  when  checking  resistance. 

A.      Some  of  the  troubles  in  this  system  are  located  inside  of  the 
component.    For  these  troubles  you  should  determine  exactly  which  part  of 
the  internal  circuit  is  causing  the  trouble.    On  the  rain  removal  shutoff 
valve,  rain  removal  bypass  valve,  and  the  low  pressure  solenoid  there  is 
a  "J"  section  and  a  "P"  section  on  the  AN  connector.    Ihe  "P"  section  is 
for  checking  circuits  coming  to  the  component*    The  "J"  section  is  used 
for  checking  the  internal  condition  of  the  valve. 

5.  Use  the  trouble  switches  indicated  on  the  troubleshooting  answer 
sheet  provided  on  the  last  page  of  this  worksheet.    The  troubleshooting 
answer  sheet  has  three  columns «    The  first  colusn  contains  the  trouble 
switch  niuberst    The  second  column,  marked  discrepancy,  is  for  you  to 
record  the  malfunccion*    In  this  column  state  the  name  of  the  component 

and  the  condition,  such  as:    'T)ypass  valve  won't  open."    In  the  third  column, 
marked  cause,  state  if  it  is  an  open  or  short  in  the  circuit  and  the  location 
(wire  number  or  between  two  certain  pins),  suca  as:    "cpen  between  pins  B 
and  E  of  the  bypass  valve." 

6.  We  will  go  through  trouble  number  3  co  show  you  how  to  arrive 
at  the  correct  answer. 

a.  Place  trouble  switch  nuid)er  j  to  the  IN  position. 

b.  Perform  an  operational  check.    Use  the  operational  check 
procedujpe.^chart,  figure  2. 

c.  Ihiring  the  operational  check  you  found  the  rain  removal 
shutoff  valve  would  not  open  and  also  the  rain  removal  bypass  valve  would 
not  open.    Make  the  following  statement  in  the  discrepancy  column  for 
trouble  switch  number  3. 

'•<tain  removal  system  inoperative,  valves  will  not  open." 

d*      When  you  performed  the  operational  check  you  should  have 
also  noticed  the  low  pressure  solenoid  on  the  bleed  air  pressure  regulator 
and  shutoff  valve  is  energizing  when  the  rain  removal  switch  is  ON.  Knowing 
this  is  very  helpful  in  our  trouble  analysis  ^roces^ . 
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e.  Since  there  is  power  to  the  solenoid,  this  tells  us  that 
wc  do  have  28-volt»  DC  through  the  rain  removal  switch  to  the  solenoid. 

Oua  problem  must  be  in  the  circuit  after  the  jtmction  of  wires  M8A20  and  ) 
M8C20.    Trace  the  circuit  from  the  junction  to  pin  A  of  the  rain  removal 
shutoff  vaive  (wire  ntuAer  M8C20),  through  the  open  side  of  the  motor,  to 
pin  E»  and  through  wire  number  M9A20N  to  ground. 

f.  Since  the  rain  removal  shutoff  valve  will  not  open,  the 
trouble  must  be  in  the  circuit  traced.    But  why  doesn't  the  rain  removal 
bypass  valve  open?    . . .  , Remember  the  rain  removal  shutoff  valve  has  to 
open  all  the  way  before  the  bypass  valve  will  open. 

g.  Use  the  multimeter  and  check  for  28-volts  DC  at  pin  'A  of 
the  rain  removal  shutoff  valve.    You  should  read  voltage  at  this  point. 
Since  we  do. have  power  to  the  valve,  the  trouble  must  be  in  the  ground 
circuit  or  internally  in  the  valve.    Use  the  ohmroeter  to  verify  this 
conclusion.  ^ 

h.  Turn  the  power  switches  OFF,  and  disconnect  the  AN  con- 
nector from  the  rain  removal  shutoff  valve.    Check  for  continuity  from  pin 
E  to  ground.    You  should  read  continuity  (zero  resistance).    Since  this 
circuit  is  good,  the  trouble  must  be  in  the  yalve. 

1.      Check  for  continuity  between  pins  A  and  E  of  the  valve 
motor.    Be  sure  to  check  the  circuit  going  through  the  valve  motpr.  This 
is  done  by  using  check  point  J103.    If  this  circuit  is  good  you  should 
read  continuity,  but  it  will  be  something  greater  than  zero  because  of 
the  resistance  of  the  motor  windings.    If  the  circuit  is  open  the  meter  will  ^ 
read  infinity.^  tJhat  Indication  did  you  receive?    You  should  have  an  infinity 
reading.    There  is  an  Open  in  this  citcult.    Make  the  following  statement 
in  the  cause  column  of  the  answer  sheet. 

"Open  between  pdns  A  and  E  of  the  rain  removal  valve." 

j.      You  have  conplet^L  trouble  number  3.    Replace  the  AN  ^ 
connector  to  the  rain  removal  shutbff  valve,  and  place  trouble  switch  3 
to  the  OUT  position.    Place  trouble  switch  number  1  to  the  IN  position,  i 
perform  an  operational  check  and  continue  with  the  troubleshooting.  Be 
sure  to  record  your  findings  for  each  problem. 
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Please  check  off  the  students  aiicoraplisihqient  of  the  following 
Items:    These  Items  are  part  of  the  objectlve(s)  >of  this  lesson. 


K    ITEM  '  UNSAT  SAT 

Practices  General  Housekeeping  consistent  *  ^ 

with  safety  and  fire  prevention,  .   

Practices  safe  work  habits  and  procedures,  ,   


Follows  precautions  while  workirig  around 
danger  areas. 

U^e  df  Test  Mater 


\ 


\ 
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FOREWORD 


Thl3  programmed  text  was  prepared  for  use  in  the  3ABR42331 
Instructional  system.    The  materials  contained  herein  have  been  vali- 
dated uslng^ students  enrolled  in  the  3ABR42331  course.    Ninety  percent 
of  the  sttjdents  taking  this  text  either  achieved  or  surpassed  the 
criteria  called  for  in  the  lesson  objective*    The  average  student 
required  5  hours  to  complete  the  t^xt. 

OBJECTIVE 

After  completion  of  this  programmed  text,  you  will  associate  each 
equipment  air  conditioning  coiq>on^nt  to  its  operation  with  a  minimum 
of  80Z  accuracy.  ^ 

INSTRUCTIONS 

«  * 

This  programmed  text  presents  information  in  small  steps  called 
"frames."    After  each  fr*ame  you  are  asked  to  respond  tq  the  information 
in  acme  my.    Read  the  material  and  make  your  response.    Corxpare  your 
answers  with  the  correct  answers  given  on  £ke  top  of  the  next  frame* 
If  you  find  you  are  incorrect,  reread  the  frame  to  get ^ the  correct 
information.    If  you  are  rl^t,  and  you  understand  the  information 
presented  In  that  frame ,  proceed  on  to  the  next  frame .    DO  NOT  s^dp 
ahead  unless  the  text  directs  you  to  do.soi 

Remember,  you  are  not  graded  on  how  fast  you  go.    Tou  vi.Ll,  however 
be  required  to  take  an  appraisal  on  tie  material  to  determiae  what  you 
have  learned. 


Supersedes  ST  3ABR42?31-PT-203y  14  July  1978;  3ABR42331-PT-20?,  16  August 
1977.  ^ — 
OPRj    3370  TCHTg 
DISTRIBUTION:  X 

3370TCHTG/TTGU-P  •  400;  TTVSA  -  1 
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^  » 

In  thli  text,  we  will  cover  the  operation  of  tue  third  air  cona^- 
tionin^  system.    The  first  one  was  the  system  on  the  trainer  aircraft. 
It  was  the  basic  air  conditioning  system.    The  second  one  was  the 
cabin  system  on  the  «more  complex  figl^t^r  aircraft. 

The  third  system  Is  also  on  the  fighter  aircraft.    It  la  known  as 
the  csqulpment*  air  conditioning  system.    ^  its  name  imp  lies  »^t  is  on 
air  conditioning  systeu  for  th^  equipment. 

•    Now  you're  asking  yourself,  "What  equipieent?"    Well,  certain 
electronic  equipment  on  the  aircraft  will  get  hot  during  co**tinuous 
operation.    This  can  be  compared  to  a  radio  pr  TV  set.   -If  you  leave 
the  set  on  for  awhile,  you  can  feel  the  heat  coming  from  the  back  of 
the  set.    Tou  can  imagine  how  much  damage  this  heat  c^ul^  do  if  it , 
was  allowed  to  Increase.    Tou  can  see  that  if  a  small^  air  circulating 
fan  were  mounted  Inside  your  T7„  the  TV  tubes  would  last  longer.  This 
will  give  you  an  Idea  as  to  why  it  would  be  beneficial  to  have  a 
complete  air  conditioning  system  Just  for -cooling  the  elec4:ronic 
equipment^  an  .aircraft. 

Here  arc  tl^ree  good  reasons  for  having  an  equipment' coolliig  system. 

1.      Extends  coiq>onent  life  (fiakes  them  last  longer). 

*      2.     Prevents  ctlt^.cal  resistors  from  cfianging  their  value. 

3.      Prevents  keat  damage  to  equipment  located  in  the  same  arei, 
•such  as  electrical  wlting,  fuel  lines,  etc.  ^ 

Fill  in  the  blanks  to  complete  the  fallowing  st»tements. 

1.     Keeping  electroifilc  components  cool  will  nlake  the  components 


2.  The  equipment  cooling  system  is  used  to  cocl   

equipment .  *  )  i 

3.  The  main  purpo&e  of  the  equipment  air  conditioning  system  is 

to  remove  the   generated  by  certain  electronic 

eqlxlpment . 
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Answers  to  Frame  1:  /I.    last  longer   -2.    electronic     3,  heat 


The  air  conditioning  component^  for  the  eq\  ipment  air  conditioning 
system  are  grouped  into  an  assembly  called  the  "EQUIPMENT  REFRIGERATION 
DNIT."    This  unit  la  often  referred  to  as  the  air  conditioning  package. 
L  '  .        -     '  *  . 

The  Illustration  on  the  opposite. page  shows  the  equipment  refri- 
geration unit.    The  numbered  arrows  point  to  the  trajor  components  and 
to  the  air  Inlet  and  oi^tlets^    These  items,  with  corresponding  numbers 
are  listed  below. 


1. 

jr 

Engine  bleed  air  inlet  duct 

f 

•  8. 

1 

Tafbine  bypass  valve 

2: 

Heat  exchanger 

9. 

Equipment  air  outlet  duct 

3. 

Ram  air  inlet  duct 

10. 

Radar  rompartment  air  outle^ 

4.. 

Ram  air  outlet  duct 

11. 

Temperature^  sensor 

5. 

Ground  cooling  ejector 
shutoff  valve 

.  12. 
13. 

Teoq>erature  llmlter 
Ram  air  shutoff  valve 

6. 

Pressure  regulator  and 
shutoff  valve 

.  14. 

Ram  air  check  valve 

7. 

Turbine  asaembly 

In  the  frames  that  follow',  each  of  these  con5)onents  will  be  . 
descr^ied.    As  each  consonant  is  described,  you  should  refer  back 
to  the  Illustration  of  the  refrigeration  unit.    This  will  help 
^ee  how  each  component  makes  up  part  of  this  system".  ^ 

^  NO  RESPONSE  REQVIRED 
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1.  Engine  bleed  air  inlet. 

2.  HMt  exchanger. 

3.  Ram  air  inlet  duct. 

4.  Ram  air  exit  duct. 

5.  Ground  cooling  ejector  shutoff  valve. 

6.  Pressure  regulator^ jand  shutoff  valve. 

7.  Turbine  assembly. 

8.  Turbine  byp&zs  valve. 

9.  Equipment  air  outlet  duct. 

10.  *  Radar  compartment  air  outlet  duct* 

11.  Tempetature  sensor # 
*12.  Jemperatxire  limiter. 

13.  Ram  air  shutof.*;  valve,. 

14.  Ram  air  check  valve. 
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.  '  ^  ^      ^        Frame  3  - 

In  s«vMral  of  the  following  fcames,  soell  schematic  diagrams  vlU 
be  used  to  show  you  how  the  air  flova  through  this  system.  These 
dlagraae  are  simplified  and  will  show  only  a  part  of  the  system.  As 
you  ifcogre^s  through  the  te^t,  components  will  be  idded  until  the  ) 
sjifSjCem  is  complete.  *         %  ,  ,  ^ 

For  exrmple,  the  diagrm  on  page  6  shows  oniy  the  flow  of  air 
from  the  bleed  air  system  to  the  heat  exchanger.  By  following  the 
airflow  on  these  diagrams,  it  should  make  it  easier  for  you  to,  see 
how^each  component  fits  into  this  system. 

From  your  studies  of  the  trainer  and  filter  type  airjcraf t  cabin 
air  conditionlAg  systems,  you  shoxild  recall,  thfft  the  source* fOf  air  for 
the  air  conditioning  systems  is  from  the  engine  bleed  air  system, 
Remen^er,  this  iff  hot  hi^  pressur^  air. 

In  the  previyus  systems  toat  you  studied,  tha  first  unit  In  tt\e 
system  was  the  shutoff  valve.    Well,  the  eq\ilpment  systfiifi  is  different. 
The  first  unit  in  this  system  is  the  heat  exchanger,    A  system  shutoff  ' 
valve  Is  used,  bul:  in  this  system,  it's  locat^^^af ter  the  hea^  exchanger, 

-  Follow  the  arrows  iny  ^he  ^diagram  and  notice  ^hat  the  bleed  air     '  ^ 
floyrs  to  the  heat  exchanger.    This 'is  an  air-to-air  type  heat  exchana/er, 
similar  to  the  cabin  system  heat  exchanger"!    The  bleed  air  flo<fa  throng 
th^  tubes  of  the  heat  exchanger,    tasx  air  flows  in  the  rs?i  air  Inl^, 
over  the  tubes  and  out  the  ram  air  outlet.  ^  • 

,   The  heat  ^rom  the. bleed  air  is  transferred  to  the  ram  air  and 
carried  overboard  through ^the  ram  air  outlet.    The  heat  exchanger  is 
the  first  stage  of  cooling  for  this  system.    The  bleed  air  leaving  the  ^ 
heat  exchanger  is  ijef erred  to  as  "partially  cooled  air," 

*  d^Rei^mber*,  the  ram  air  flows  across  the  heat  exchanger  foe  cooling.' 
It  does  not  mix  with  the  bleed  air. 

Fill  in  the  blanks  to  complete  the  following  statements, 

1,      Th^  unit  that  partially  cools  the  bleed  air  is  the       *  * 


2.      The  heat  exchanger  is  the   stage  of  cooling, 

*  The  source  of  air  for  the  equlp|;«nt  air  conditioning  system 
is  the    ^  system.  ^ 

4,  As  j:he  bleed  air  passes  through  the  heat  exchanger,  the  heat 

is  removed  by  the  ^   

 ^    — 

5.  '  The  engine  bleed  al?     ^diving -the  heat  exch$.tge*Kis  called 

^  ^        '  air,  # 


'lay 


Anwers  to  France  3: 


1. 
4v 


heat  exchangei^  2.  girst  '  3.  bleed  air 
ran  air     5.    partially  cooled 


Frame  4 
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During  flight,  the  forward  aoveaent^of  the  aircraft  providea 
sufficient  ram  airflow  for  heat  exchanger  operation.,   Howdver,  ,vhen^ 
the  aircraft  airspeed  is  low  or  the  aircraft  is  on  the  ground,  ram 
airflow  stops.  .Naturally,  if^there  is  no  cooling  ram  alrflowr  heat 
ejd^anger  effi'^iency  is  lost. 

Remember,  on  the  cabin  system,* a  ground  cooling  ejector  assembly 
was  ixsed  to  pull  raib  air  across  the  heat  exchanger.    The  equipment 
system, also  tfas  a  groimd  cockling  ejector  assembly  that  serves  the  same 
purpose  aud  Operates  the  sflttne  vay.    The  ejector  assembly  consists  of 
a  ground  ■'cooling  ejector  shutoff  valve  and  an  ejector  nozzle. 

In  the  illusLration  on  ptge  fr,  notice  that  bleed  air  is  tapped 
from  the  Kot  air  duct  ^>efore*  it  enters' the  heat  exchanger.    This  air 
is  directed  to  the  ground  cooling  ejector  shutoff  valv^. 
*  ^ 

When  the' landing  gear  handle  is  placed  to  the  gear  down  position, 
a  microswitch  on  the  gear  handle,  directs  electrical  power  to  the  op^n 
side  of  the  valve.    The  ground  cooling  ejector  sHutoff  valve  then  moves 
to  che  open  position.    This  allows  the  bleed  air  to  spray  out  of  the 
ejector  nozzle.  # 

This  action,  you  should  recall,  causes  air  to  be  pulled  in  the 
ram  air  inlet,  thereby  creating  a  "ram"  air  action  across  the  heat 
exchanger.    This  action  lets  the  heat  exchanger  operate  as  if  if  were 
acuxially  getting  cooling  air  by  ram  action. 

Fill  in  ■'the  blanks  to  complete  the  following  statements. 

* 

1.      The  ground  cooling  ejector  assenbly  consists  of  a  ground 
cocfllng  ejector     ^   and  anj  ejector 


3. 


The  ground  cooling  ejector  shutoff  valve  is  controlled  by  a 
switch  on  the   '    

Directing  bleed  air  through  the  ejector  nozzle  causes 

 '         air  to  flow  over  the  heat  exchanger, tubes. 


201 

9 


Anders  to  Frame  4:    1.    shutof f  valve  norzle     2.    landing  gear  handle 


3.  ram 

Frame  5  . 

'The  eqtilpment  system  {pround  cooling  ejector  shutoff  valve, 
illustrated  below »  is  identical  to  the  ground  cooling  elector 
shutoff  valve  used  in  the  cabin  air  conditioning  system. 

It  is  a  butterfly  type  valve »  acttiated  by  a  28  volt  DC  motor. 
The  valve  has  a  position  indicator  (pointer)  that  shows  when  the 
valve  is  open  or  closed •  ^ 


Fill  in  the  blanks  to  complete  the  following  statements- 

1.     The  unit  that  controls  the  airflow  to  the  ground  cooling 
ejector  nozzle  i^  the  ground  cooling   


2.      For  the  groimd  cooling  .ejector  asseiibly  to  operate ,  the 
landing  gear  handle  must  be   (up/ down)  . 

3«     The  ground  cooling  ejector  shutoff  valve  is  actuated  by 
*   _V  DC         ,  >  ,  . 

4.      Vftien  the  landing  gear  hi^dle  is  in  the  gear  up  position, 

28V  DC,  is  directed  to  (open/close)  the  ground 

coollhg  ejector  shutoff  valve.  ^ 
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Auavers  to  Fraiae  5:    1.    elector  shutoff  valve 

4.  close 


2*    down     3.    28,  motor 


Frame  6 


ERIC 


^fter  the  axr  Is  partially  cooled  by  the  heat  exchanger  ^t  gQes 
to 'the  pr^sujre  regulator  and  si  utoff  valve.    The  illustration  below 
shows  the  pressure  regulator  and  shutoff  val^e.    The  arrows  shov  the 
bleed  aii;f lew  through  the  heat  exchanger  and  pressure  regulator  and 
shutoff  valve. 

The  equipmeut  ays tea  pressure  regulator  and  shutoff  valve  is  - 
similar  to  the  cebiu  system  pressure  regulator  and  shutoff  valv^. 
Remember,  it  served  two  purposes.    The  equipment  system  pressure 
regulator  and  shutoff  valve  also  sexVes  two  purposes. 

The  two  puxpoees  are  Just  as  the  name  impliei^,  that  is,  to  serve 
4S  a  ^ofitrol  for  stopping  or  starting  the  system,  and"£or  regulating 
'the  pressure  going  through  the  equipment  air  condj^tioning  system.    The  " 
pressure  is  regulated  at  106  psi. 


Ait  SYSTEM 


Fill  in  tl\e  blanks  to  complete  the  following  statements. 


1.  The  unit  that  controls  the  press  ;e  of  tb^  partially  cooled 

air  is  the    and  shutoff  valve. 

2.  f  The  unit  u^ed  to  shutoff  the  equipment  air  conditioning  system 

is.  the      '          • 
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Antvers  to  Piane  6:    1.    pressure  regulator     2.-   pressure  regulator  and 

shutof f  valve 

* 

Frtoe  7 

'  I 

^  .  The  pressure  regulator  and  shutoff  vaj,ve,  shewn  below,  is  a  solenoid 
controlled,  air  actuated  valve* 


Referring  back  to  the  Illustration  la  frame  6,  note  that  air  Is 
tapped  off  upstream  of  the  butterfly  and  sent  through  the  solenoid  to 
the  valve  actuator. 


When  the  solenoid  la  energized,  aS^-shown,  t^iis  air  is  sent  to  thv. 
top  of  the  actxiator  which  forces  the  actuatl^  plston  down.    This  openp 
the  valve. 

When  the  solenoid  is  deenergized,  air  la  vented  from  the  top  of 
the  actuator  which  will  let  the  spring  close  the  valve.    However^  air 
ia  also  sent  frc^  the  solenoid  to  the  bottom  of  the  actuator  where  it 
aids  the  spring  and  insures  positive  closing  of  the  valve. 

When  the  valve  opens »  the  doimstream  pressure  builds  up  to  106 
pel.    This  pressure,  is  sensed  by  a  pressure  control  device  on  the  valve. 
The  pressure  control  device  causes  the  valve  to  maintain  a  partially 
open  position,  sufficient  to  maintain  the  106  psl  through  the  system. 

The  lllusttatlon  in  frame  6  also  shows  a  bae*.c  electrical  schematic 
for  solenoid  operation.    Notice  that  power  goes  directly  from  the  circuit 
breilker  to  the  solenoid.    There  is  no  control  switch  for  turning  the 
^stem  on  or  off. 

Under  normal  conditions,  when  electrical  power  is  applied  to  the 
aircraft,  the  pressure  regulator  and  shuuoff  valve  solenoid  will  be 
energized.    Then  as  the  engines  ^e  started  and  bleed  air  is  available, 
the  equipment conditioning  system  will  start  operating  automatically. 
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.  Frame  7  (Continued)  ^ 

\^ 

If  it  la  deaired  to  ahut  thla  ayatem  off,  the  equlpm^^t  cooling 
circuit  breaker  c4n  be  pulled,    Thla  vlll  atop  electzdcal  current 
going  to  the  aolenoid,  caualng  the  adenoid  to  dieenergiae»  cloaing  the 
pteaaute  regulator  and  shutoff  valve. 

Fill  In  the  blanllb  to  complete  the  following  atatsmenta. 

1.     The  preaaure  regulator  and  ahutoff  valve  la  controlled  by 
a   and  actuated  by   


2.     %en  the  aolenoid  I9  deenerglzed,  the  valve  la  doaed  by 
   tenaion  and     


3.  When  tt^a  enginea  are^  operating,  to  turn  off  the  equipment 

air  conditioning  ayatem,  the    __  ^  

nuat  be  pulled. 

4.  Operation  of  t;he  preaaure  r<*gulator  and  shutoff  valve, 
requirea    '  and   j power. 

5.  The  preaaure  regulator  and  shutoff  valve  will  maintain  a 
conatant  preaaure  of   pal. 
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Aasweri  to  frame  7:    1.  solenoid    air  pressure     2.    spring  air -pressure 

3.  circuit^breaker     4.    air  pressure  '  2BV  DO 

k         '  5.  106  .  " 

Frame  8       '  *  ' 

the  sketch  below  shows  the  partially^  cooled  air  flowihg  to  the 
turbine  inlet  of  the  turbine  assembly*  The^turbine  assembly  is  the 
second  and  final  stage  of  cooling  for  this  s^Tstem. 

fhe  partially  cooled  bleed  air  is  piped  to  the  inlet  of  the  turbine 
assefflbly.    This  air  spins  the  turbine,  lets  go  of  its  heat  energy,  and 
cones  out  of  the  turbine  out;Let  as 'very  col^  air.    The  operation  of  this 
turbine  assembly  is  the^same  as  those  you  have  studied  previously. 

Aa  the  air  goes  Ip  the  turbine  inlet,  it  passes  through  several 
small  nozzles  whi(*  direct  the  air  to  the  turlpine  wheel.    This  will 
catjse  the  turbine  wheel  to  spin  and  will  result  in  rapid  expansion  of 
"the  air.    When  air  is  exp^anded,  the  tapperature  drops.    This  process 
of  cooling  the  air  is  known  as  rapid  mpansion. 

Note  in  the  sketch  that  the  tiirblne  and  fan  are  connected  by  a 

shaft.    As  the  turbine  wheel  spins  it  also  turns  the  fan.    The  fan 

pulls  ram  air  in  through  the  ram  ait  inlet,  and  over  the  heat  exchanger 
tubes.                                            ^  . 

The  ram  air ^passes  through  the  fan  and  is  discharged  cverboard. 
In  this  process  the  fan  is  putting  a  workload  on  the  turbine.  By 
putting  a  workload  on  the  turbine,  the  fan  is  taking  energy  from  the 
turbine.    This  takes  the  heat  energy  f^om  the  air  and  converts  it  to 
mechanical  energy.    By  putting  a  workload  on  the  tiirbine,  the  fan  also 
tf^lps  to  keep  the  turbine  from  overspeeding. 
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Frame  8  (Cpntlntied) 


FtOM  ilffD 
Alt  SYSTfM 


Fill  In  th%  blarHs  to/complete  the  folloylng  statements. 

\ 

1«     The  partial      cooled  air  contains  energy  In' the  form  o£ 
-   energy. 

2.  When  the  air  drives  the  turbine  and  fan,  .the  heat  energy  Is 
c^nged  to   ;_  energy. 

3.  *^^e  turbine  assenijly  cools  air  by    and 

by  changing   energy  to  ^  energy^. 


^.      The  fan  pulls 


air  over  the  heat%  exchanger  tubes. 
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Ansv€r8  to  Fr«me  8:    1.    heat    2-    mftchatilcal    3.    rapid  expansion 

*    heat  nechanical 


4. 


ran 


Frame  9 

The  sketch  below  shows  a  second  ejector  nozzle.    Note  hon  the  air 
from  the  fan  is  directed  through  this  nozzle.    The  action  of  the  fan  and 
this  ejector  nozzle  increases  the  ram  airflow  across  the  heat  exchanger. 

Tk^  fan  pulls  ram  air  across  the  heat  exchanger,  and  as  this  air 
Is  discharged  throu^  the  fan  ejector  nozzles^  it  causes  a  low  pressure 
area  behind  the  nozzle  asseiDbly.    The  low  pressure  area  then  causes  air 
to  be  pulled  in  through  the  ram  air  inlet  and  across  the  heat  exchaiiger. 


lifCTOll 
NOZZll 


F:^J.l  in  the  blanks  to  complete  the  following  statements. 


V    1.     The  fan  and  ejector  nozzle  help  to  pull 
across  the  heat  exchanger. 


2.     The  airflow  across  the  heat  exchanger  is  increased  when  the 

aircraft  is  on  the  ground  and  in  fli^t  by  the  

and  . 


2^8 


kamfBVB  to  Frame  9:  !• 


ram  air 


air     2.    fan     ejector  nozzle 


Frame  10 


In'  the  syttem  that  we  have  aee«d)led  so  far,  ve  can  get  only  cold 
air.    Froa  the  previous  ^jB teas  thee  you  have,  studied,  you  ^ould 
recall  that  temperature  can  be  controlled  by  mixing  the  hot  and  cold 
air  together.    Let  .us  see  how  it  is  done/In^  this  system. 

In  the  sketch  ^ora,  a  turbine  bypass  val4e  has  been  added.  VThe 
purpose  of  th^s  ^Ive  is'  to  fcontrol  the.  temperature  of  the  conditioned 
air  going  to  the  elec;:ronic  equipment  compartments.    It  does  this  by 
either  directing  the  partially  cooled  air  in  or  by  bypassing  the  turbine. 

If  the  system  calls  far  cold  air,  jthe  valve  starts  to  close, 
directing  more  air  to  the  turbine.    How  th#  electronic  compartments  - 
get  cold  air.  • 

-  '        ■        '  '       '      U  . 

If  the  system  calls  for  Itotter  air,  the  bypass  valve  opens  end 
mLt  bypasses  the  turbine. Now  the  electronic  equipment  compartments 
get  warm  air.    The  desired  temperature  is  kept  by  mixing  the  cold  air  * 
from  the  turbine  s&d  the  warm  air  from  the  turbine  bypass  valve. 


MOM  ftlfEO 
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■TO  EQUIPMENT 
.COM^AiTMCNTS 
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FraM  10  (CoQtlnuad) 

Fill  In  the  blanks  to  complete  the  foUoving  stat&Dents, 

1/     The  tenperature  ot  the  air  enter jLtq;  the  equipinent  coispartments 
la  controlled  by  the  poattion  of  the   


2.  Vlhen  t^e  turbine  bypass  valve  is  fully  (flosed;  the  air  entering 
the  equipment  compartments  villi  be   (cold/hot)  • 

3.  If  the  system  calls  for  warmer  air,  the.  turoine  bypass  valve 
will  4Dve  toward  th^'   (open/clofi*ed)  positiqj. 

n  - 


i 


t 


■r 


\ 
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,  ^     Anw«rB  tb  Fran  10:    1.    turbine  bypaaa  valve     2.    cold     3.  open 

V  *•  Praae  11 

.      ^  \  '      •  '  . 

Th«  turblM  bypass  valve  la  shown  belwe    This  is  a  butterfly 
type^lva,  actuated  by  a  28  vo^  DC  motor, 

k  poaltloii  Indicator  Is  found  at  the  top  of  the  actuator.  The 
position  indicator  shorn  the  position  of  the  butterfly  and  if  marked 
j9PEN*CL0SED  •     ~  • 


r 
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ReoieiBber^  ^en  the  valve  is  OFEN»  the  system  is  getting  maximur^. 
hot  aii; 


/  / 


When  th«^ valve  Is  closed <  the  system  will  receive  maximum  cold 
J  air.  ^ 

4 

Control  of  this  valve  Is  fully  automatic.    There  is  no  aanoal 
f  control  of  this  system  as  there  is  In  the  cabin  systeme  ,  ' 

«> 

Fill  in  the  blanks  to  complete  the  foll^ovlng  statements. 

1.     The  turbine  bypass  valve  is  actuated  by  a   


2.     When  the  turbine  bypass  valve  is  Installed  5h  t:he  refrigeration 
unit,  the  position  of  the  butterfly  can  be  determined  by  * 
observing  the   ;  . 

3e     Operation  of  the  turbine  bypass  valve  is  completely  , 


4.  The  desired  tempe^\:'*"'ire  is  maintained  in  the  electronic 
compartments  by  mixing  j  and  air, 

5.  ^  Any  time  the  equipment  air  conditioning  system  is  on, 

operation  of  the  turbitie  bypass  valve  is  fully  , 

,  H  •  "   
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\ 
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IH^t  to  Fr«  1,:    1.    28VDC   -oto.**  2.    position  indicator  '         '  ^ 

3.    automatic     A.    hot  >cold  ""s.    automatic  / 
Frame  12  - 

.  ci^  T^.     XTt  r^:'tjz  " 

correctly  t:oBpl.t.  each  of  thrfoUo^aI%tatfiinta     clllll^  't. 
stattouits  may  requlra  one  or  momworda  Completing  the 

without  looking  back     ThmrTlh^vZ  ^  '°  =™»Plete  each  statement 

If  your  ans«;f  ^finc^^ct    ?^i°b"I.J°^'"."        ^•'^^  °^ 

gave  the  Information  then  back  up  and  reread  the  frame  that 

■1^    .-The -first  stage  of  cooling  is  the    -  ' 

Jja^1.Jr\'f  to''th"~'  ^'^^^^^  exchange^^^  Is 

,  -r-   ,  .. 

3.     The  unit  that  helps  to  pull  ram  air  aero.*,        k— ^ 

vhen  the  aircraft  1.  ,on%he  gSu^d  is  ^'^^  ««*-|8er  • 

  t 

A.     The  ground  cooUng  eject^ shutoff  valve  is  controlled  by 

5.  The  ground  cooling  ejector  shutoff  valve  is  actuated  by  a 

6.  The  unit  that  controls  systl  pressure  at,106  psi  is  the 


i 


7.  The  pressure  regulator  and  shutoff  valve  is 

controlled  and  :  actuated.  

8.  The  pressure  regulator  and  shutoff  valve  is  held  closed  by 
  and   ' 

I^fenolTJs"  ''''  open  when  the 

10.  The  second  stage  of  cooling  for  the  equipment  system  is  the 

11.  Pm  unit  that  directs  bleed  air 

turbine  asseiAly  Is  the  .      °"  "  '^^^ 

12.  The  turbine  assembly  la  driven  by 


13e      Temperature  control  Is' accompUshed  by  mixing  

fh^hLf '*^u''  "^^^^  *»«iP  to  pull  ram  air  across 

the  heat  exchanger  are  the  ^^J^  across 

  nozzles .  ~  

15.  (with  the  turbine  bypass  valve  ninB^iA 
•   deliver  cold  ali.  Ji^Ir  ?n  ' 

defective  unit  w^utd  U  the  °°  *  P"***"- 
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koM^xn  to  Frame  12:    \    heat  ftxchanger    2.'    rm  air    3.  groi^d 

cooling  ejector  asaemblv   4.    landing  gear  handle 

^  .        5 .    28V  DC  ytor   6 .   jrmeura  regulator  yd 

ghutoff  valf a    7 ,    solenoid  air   8 .    spring  tension 
air  pqasaure    y>    energUed   10.    turbine  aaaeinbly 
11.    turbine  bypass  valve    12.^   bleed  air 
13.    hot  and  co^d  air    14.  fan  elector 

1^.    turbltfe  aseenbly  .  , 


4    Frame  13 


/ 


^J-lka  any  other  system*  there  la  always  the  chance  of  a  malfunction 
that  wuld  cause  the  air  conditioning  system'  to  >^e  inoperative.  For 
example,  the ^pressure  regurator  and  ahutoff  valve  could  fail  to  work 
and  stay  closed »  or  the  system  could  overheat  duer  to  the  loss  oi  the 
ttxrbine  aaoembly  or  the  bypass  valve.  /  \ 

f 

•In  any  pass*  this  would  stop  thi  flow  of  conditioned  air  to  the 
electronic  compartments.    §owever,  it  is  Ixnportaitt  that  some  f9rm  of 
cooling  air  be  avmllable  tq  prevent  complete  failure  of  the  electronic 
eqiU-pment.  •     *  "  ^ 

In  case  of  failure  of  the  air  conditioning  system,  a  raia  air  shutoff 
valve  is  provided  tAiat  will  open  automatically  and  allow  ram  air  to  flow 
dirou^  the  electronic  equipment  compartments.    This  is  an  emergency 
way  to  get  «ome  cooling  airf  Ii2>^. 

The  sketch  6n  the  5f)posite  page  shows  the  ram^Ir  shutoff  valve  and 
a  ram  air  chadc  valve  a[^ded  to  our  system.    The  check' valve  will  be 
explained  In  a^^l^^r  f 

The  ram  ait^  Autoff  valve  will  be  op6n  au^  time  the  pressure  regulator 
and  shutofr  valve  Is  closed.    Notice  that  when  the  ram  air  valve  is 
open,  rsm  air  can  £low  from  the  ram  air  Inlet,  through  the  ram  air  shutoff 
valve  and  to  the  electronic  compartments. 

Control  of .the  ram  air  valve  is  completely  automat ic»  During 
normal  operation  of  the  air  conditioning  system,  the  ram  air  valve  will 
be  held  closed  by  air  pressure  from  the  pressure  regulator  an-l  shutoff  - 
valve.  ^  If  there  Is  no  bleed  air  in  the  system,  or  If  the  pressure 
regulator  and  shutoff  valv;  is  deenergized^  the  ram  air  valve  will  be 
opened  by  spring  tension. 

Fill  in  the  blanks  to  complete  th^^ollowlng  statements, 

*  1«      In  case  of  failure  of  the  air  conditioning, system^  the  ^ 
electronic  equipment  will  be  cooled  by  ^  , 


2.  The  unit  that  opens  and  allows  cam  air  to  enter  the  electronic 
cc^artments  Is  the     » 

'  r — ' — "■  f 

3.  My  tloe^the  pressure  regulator  and  shutoff  valve*is  closed 
^    the  rsm  air  valve  will  be  ^   . 

23  \  .  ^ 
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AMw«ra  fio  Praaa  13:  1.  raaj  air  2.  ram  air  shutoff  valve  3,  open 
Fram  14     .  > 


Thm  vm  air  valve  is  ^hown  belcjw.    It  Is  made  up  of  a  pneunw^tic 
actuator  and  a  uutterfly  type  valve. v  It  is  spring  loaded  open  and 
closed  by  air  pressure*  N 


We  said  lit  the  previous  frame  that  the  ram  air  valve  is- controlled 
autOMtically.  We  also  said  previously  that  the  pressure  regulat6t  and 
shutoff  valve  is  controlled  automatically. 

The  r«^  air  valve  is  controlled  by  the  pressure  regulator  and 
shutoff  valve.    Now  let's  see  how. operation  of  the  pressure  regulator 
and  "^shutoff  valve  controls  both  of  these  valves  automatically. 

Look  back  at  the  sketch  in  frame  13  and  note  the  air  control  line 
going  x-om  the  pressure  regulator  and  shutoff  valve  to  the  ram  air  - 
valve  actuator. 

When  the  solenoid  on  th|^  pressure  regulator  and  shOtoff  valve  is 
energiied,  it  allows  air  pressure  to  enter  the  top  of  the  pressure 
regulator  and  shutpff  valve,  opening  this  valve.    At  the  same  time, 
this  air  pressure  is  directed  by  the  small 'air  control  line  to  ram  air 
valve  actuator.    This  pressure  will  overcome  the  spring  tension,  closing 
the  ram  air  shutoff  valve. ^  This  is  normal  operation;  the  pressure 
regulator  and  shutoff  valve  is  open  and  the  ram  air  valve  is  closed. 
The  system  is  receiving  conditioned  air. 
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Fraoft  14  (Continued) 

♦  *  * 

HowttvM,  if  a  ttilfuactlon  cauftcs  the  pressurt  Regulator  and 
\  shutoff  valve  to  close,  or  if  the  aqulpnent  cooling  circuit  ^reak^r 
la  pulled,  no  conditioned  air  will  he  availably ^  -  JULao  alnce  the 
aolnoid  la  deenerglaed,  no  air  will  enter  the  small  control  line  to 
the  raa  air  valve,  so  the  .valve  will  be  spring  loaded  open.    When  the  ^ 
ran  air  va).ve  opens,  ventilating  air  flows  Into  the  electronic  compart^ 
nents  for  cooling.  ^  ^ 

m  .  .       ^  ^ 

Notice  that  this  sequence  operation  dep^ndeU  only  on  whether  or  not 
the  solneold  on  the  pressture  regulator  and  shutoff  valve  was  energized 
or  not..  Also  notice  the  absence  of  electrical  connections^ to  the  ram  " 
air  \talve.    The  ram  air  valve  is  strictly  Bfteumatically  close4  and 
spring  loaded  open.  ' 

Tula  velve  also  has  a  position  Indicator  to  sh^  when  the  valve  is* 
open  or  cloeed.    The  position  indicator  .la  ' located  on 'the  end  of  the 
actuator  ^hatt,  and  Is  marked  OPEH-CLOSED. 
#  ♦ 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.      The  raa  air  shutoff  valve  is  opened  by    ^ 


2 .  Opening  ^d  closing  of  the  ram  air  shutoff  valve  is  controlled 
by  the    \     .   and  

3.  The  ram  air.  shutoff  valvi  is  held  closed  by 


4.      The.  position  of  tfie  ram  air  shutoff  valve  can  be  determined 
by  observing  the  ^ 
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AoM^ri  to  FrcM  L4j_ 


Fri 


15 


spring  tension   2  •    preasura  regulator  and 
ahutoff  valve-  3 .    air  praaaure  ^ 
4#    poaltlon  Indicator 


The  illuatretxon  halow  ahova  a  portibl^  ground  air  conditioning 
unit  being  uaed  to  cool  the  electronic  equlpnant  compertments*  The 
portable  air  conditioning  unit  is  iiaed  vhen  che  electronic  equipment 
la  operated  for  ground  checking* 

You  aay  be  wondering*  why  not  uac  the  electronic  equipment  air 
conditioning  ayatae  to  cool  tlxe  aquipment?    It  could  be  uaed.  But 
reMaber^  for  the  electronic  equipnent  air  conditioning  ayatem  to 
operate^  the  exiginea  must  be  operated  to  aupply  the  air. 

By  ualng  thfe  -ground  cooling  cart  instead  of  operating  the  engines, 
ve  viU  save  the  fxiel  required  to  operate  the  engines  and  also  save  the 
oeinwrnance  coat  of  repalrllig  the  engines. 


A  s^eoad  cooling  connection  it 
provldM    This  connection  allows  a 
froimd  c      ag  cart  to  cool  tEs  slsc- 
troaic  sqniptitnt  compartmant  ti^tn 
tha  tag i&a(«)  S7s  not  nmning . 


Fill  in  the  blanka  to  cooplete  the  folloiring  atateaant, 

1,     The  unit  which  ia  uaed  to  cool  the  aquipna  ;  :  during  ground 
operation  without  runn?ng  the  an^nea  ia  t»  %  


erJc 
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komnx%  to  FraM  15:    i.    foround  air  conditioning  unit 

J  Prama  16 

New  vc  COM  to  tha  purpoaa  of  tha  cha6k  valve ^that  ve  Idenclflad 
in  frana  13.    tha  chack  valva  atopa  a  loaa  of  air  when  using  tha  ground 
air  coodleioolng  unit* 

Tha  sketch  on  tha  oppcrslta  page  shows  the  flow  of  air  from  tha 
ground  cooling  receptacle.    Mote  that  if  the  chack  valve  vas  not  in  the 
system,  this  air  would  flow  out  throu^  tha  ram  air  inlet. 

Why  doesn't  the        air  valve  stop*  the  air  flow?  neater,  if 

tha  preaaure  regulator  and  ahutoff  valv^  la  closed,  the  ram  ai"  valve 
is  opan.    Vhon  the  air  from  the  ground  air  conditioning  unit  tries  to 
flow  through  the  check  valve  it  will  close,  preventing  a  loss  of  our 
cooling  air. 

The  ram  air  check  valve  is  a  dual  flapper  type,  similar  to  those 
used  In  the  bleed  air  system«    Normal  (ram)  .airflow  opens  the  valve  and 
a  rf»verse  airflow  closes  tha  valve. 

Fill  in  the  blanks  to  conplete  the  following  statements. 

1*     ^4sen  using  the  ground  air  conditioning  unit,  the  unit  that 
prevents  a  loss  of  air  through  the  ram  air  inlet  is  the 


2.     When  using  the  ground  ai^r  conditioning  unit,  the  ram  air 
valve  will  be    y    (open/closed) . 


/m 

Aoflmrs  to  FrawenS:    1«    check  valve    2.  open 

Frame  17 

Qaing  the  ayat^  diagram  on  page  30^,  place  the  nunber  In  the  blat^ 
oppoelte  the  atateaent  belov  that  correctly  matchea  the  information  given 
In  the  atatementa. 


Mote:    Several  of  the  ntjmbera  will  be  used  more  than  once. 
JL.     Ram  air  ahutoff  valve.       .  .  ' 

^2.     Bleed  air  preaaure  regulator  and  ahutoff  valve. 
_3.     Ground  cooling  ejector  ^^toff  valve.  ^ 
^4;     Ground  cooling  receptadLe. 

5.     Ram  air  inle>. 
^S.     Pan  djector  noszle. 

_7.  '  Turbine  bypaas  valve.  * 
_J8.^     Heat  ^changer. 
_J9.     Ram  air  outlet.  ,  ^ 

10.     Turbine  aaa^ly. 
^11.     Ram  air  check  valve. 

12.     Allows  ISleed  air  to  flow  through  the  ground,  ejector  nozzle 
nhen  the  aircraft  la  on  the  ground.  .  f 

^13.     Prevents  a  loss  of  cooling  air  when  using  a  grovm^  cooling 
unit.  ' 

__14.     Connection  for.  a  ground  cooling  unit. 

_15.  ^  Regulates  pressure  at  106  psl. 

JL6.     Controls  the  mi^ng  of  hot  and  cold  air. 

^17.      Helps  to  pull  ram  air  through  the  heat  exchanger  during 

either  fll^t  qt  grouni  operation. 
« 

_18.     Opens  to  allow  rail  air  to  enter  the  system  for  emergency 
pooling. 

_19.     Cools  the  air  by  rapid  expansion  and  converting  heat  energy^ 
to  macthanical  energy. 

JZO.     Transfers  heat  from  the  bleed  air  to  the  ram  air. 
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AammvB  to  Fiom  17:       7  1.  9    2,  5    3.       11    A.       1  5. 

3  6.  10   -7.  2    8.       A    9.       6  10. 

8  11>  5    12.       8    13.     11   lA.       9    .  . 

10  16  r  3    17>       7    18,       6    19>       2  20. 

^      -  Frame  18 

The  prevloua  fraaes  have  ahfOpm  the  path  of  airflow  for •  the  hot  air,  • 
cold  atr,  a  nixtiire  of  hot  and  cold  air,  and  for  ventllanlng  (ram)  air. 
It  baa  alio  been  said  thet  thla  ayetea  operates  automatically.    But,  for 
thia  ayetea  to  operate  autoaaticalty^  It  needa  electrical  power  to  ' 
energise  the  preeeure  regulator  and  abutoff  valve,  to  operate  the  aotor 
on  the  ground  cooling  ejector  valve,. and  to  operate  and  control  the 
turbine  bypaea  valve. 

■> 

The  lUuetratlon  bn  page  32  shows  the  electrical  schematic  for 
the  equipmant  air  conditioning  system.    The  electrical  units  include 
the  folloiring:  . 

Teaperkture  Control  Asscaobly.  Pilot's  Reset  Switches. 

Temperature  Sensor.  Landing  Gear  Auxiliary  Relay. 

^      Temperature  I^miter.  Landing -Gear  Control  Switch.     '  • 

Aitltude, Pressure  Switch.   ^  RADAt^CHI  COOL  OFF  Lights. 

Temperature  Llaiter  Switch.   *  v 
•  *    **  . 

Find  each  of  these  units  on  the  schematic.    These  are  the  controlling 
units  for  this  system.    The  warning  lights  serve  to  warn  ""he  pilot  of 
an  overheat  condition.    '      following  ^frames  will  exglain  the  function 
o£  each  of  these  components.  \ 

NO  RESPONSE  REQUIRED 
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Frattt  19  .  . 

\  r  ' 

ImamAmt,  In  th^  frame  that  axplalud  tha  pressure  regulator  and 
ahutoff  valvi  It  vaa  said  that  this  valve  automatically  opens  any  time 
electrical  poifer  aad  air  preaaure  are  applied  to  the  aircraft,  ^so 
rfneeber  that  if  the  aircraft  is  on  the  ground,  the  ground  cooling 
ejector^  Cutoff  valve  will  be  open. 

^  \  ft    •  , 

The  sketch  shows  the  circtiit  from  the  28V  DC  equipment  cooling 
circuit  breaker  to  the  pressure  regulator  itui  shutof f  valve  and  to  the 
ground  cooling  ejector  shutof f  valve.  ^ 

"  Rote  in  thU  sketch  that  current  goea  from  the  28V  DC  equipment 
cooling  circuit  breaker »  through  the  temperature  limiter  switch  (relay) 
to  the  pressure  reguletbr  and  ahutoff  val^e. 

The  temperature  limiter  switch  contacts  are  normally  in  the  up 
'  position  as  shown.    Also  note  that  current  goes  up  through  the  landing 
gear  auxiliary  relay  contact  to  the  ground  cooling  ejector  shutof f 
valve.    The  landing  gear 'auxiliary  relay  is  controlled  1>y  the  switch 
on  the  landing  gear  handle. 

Current  alao  goes  from  the  28V  DC  and  1157  AC  equipment  cooling 
circuit  breakers  to  the  temperature  control  assembly.  - 
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Frame  19  (Continued) 
Fill  In  the  blanks  to  conplate  the  following  stateoants.  • 

1.  ^  Hhec  electrical  power  Is  a|>pUed  to  the  aircraft,  the  pressure 

regulevor  and  shutoff  v«lve  solenoid  will  he  - 

(energiaed/deenerglxed) .  '■  


2. 


3. 


4. 


The  pressure  regulator  and  shutoff  valve  solenoid  1^  snerglzed 
>y    (28\  DC/115V  AC) . 

Uhen  the  landing  gear  handle  Is  In  the  gear  down  position,  ^ 

the  landing  gesr.  auzUULary  relay  will  be   

(energlsed/deenerglzed) .  ^ 

When  the  landing  ee;ar' handle  Is  In  the.  gear  dowi  positlen, 

the  ground  cooling  ejector  aiiutoff  valve  will  be   

(open/ closed) .  —  


Thk  voltage  required  to  operate  the  ground  cooling  ejector 
J  shutoff  valve  is 


J 
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AnmfmzB  to  ftsm  19: 


I. 

4* 


•nrgliftd   2.    28V  PC 
»#n    5.    28T  DC 


3.  energlged 


Pr 


2d 


Tht  iXlustratloM  b«low  shov  th€  temperature  control  acsembly. 
The  tenpereture  control  aeeeably  automatically  controls  the  Doal- 
tlon  of  the  turbine  bypass  valve,  thus  maintaining  the  proper 
temperature  in  the  equipment  compartments. 

Remember,  this  system  has  no  itoual  control.  '  The  tempwature' 
control  assembly  wiiy  automatically  maintain  the  temperature  in  tihe 
equipme&t  compartments  at  85^F  from  sea  level  to  25,000  feet,  and 
at  40  F  for  altitudes  above  25,000  feet.    Howrand  why  there-are'  two 
tM^erature  ranges  will  be  explainetf  later  in  the  text. 

Illustration  A  shows  an'  external  view  of  the  temperature  con- 
trol assembly.    This  unit  contains  the  mag^etlc  amplifiers,  tran- 
sistors and  a  part  of  the  bridge  ^irruit.  that. is  used  to  control 
the  position  of  the  (urbine  bypass  valve: 

Illustration  B  shows  the  temperature  control  assembly  connec- 
ted elecicrically  to  the  turbine  bypass' valve.    Remember,  the  / 
temperature  control  assoably  controls  the  bypass  valve  by  inter-  " 
pretlng  the  resistance  signal  to  the  bridge  circuit  and  allowing 
power  to  go  to  the  hot  or  c^d  side  of  the  valve. 
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Frame  20  (Continued) 

Fill^  the  blanks  to  complete  the  following  statements. 

The  tempermture  control  assembly  automatically  controls 
Ceaq>erature  by  controlling  the  ^  

.  ^ —  *  \ 

Thm  electrical  power  requirements  for  operation  of  the 
temperature  control  assembly  are    and 

Temperature  of  the  equipment  compartments  Is  controlled 
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Answers  to  Frame  20:    1.    turbine  bypass  valve     2.    28V  DC  6 

115V  AC     3.  autoqiitlcally 


FraM  21 

Before  ve  go  on,  let^s  review  some  of  the  basic  fkcts  and 
principles  about  temperature  sensors. 

Different  types  of  material's  offei  different  amounts  of 
resistance.    He^als  have  low  resistance  whereas  glasti  and  rubber 
have  high  resistance.    In  most  conductors  (copper,  aluminum, 
silver.  Iron,  etc.)  the  resistance  Increases  idLth  an  Increase  In 
temperature.    These  m«terlals  are  said  to  have  a  positive 
temperature  coefficient.    The  resistance  of  carbon  and  liquids 
decreases  with  ad  increase  in  t^perature«    These  materials  are 
said  to  have  a  negative  temperature  coefficient. 

The  temperature  sensor  is  a  specially  designed  resistor.  Its 
resistance  changes  *anyotime  the  temperature  of  the  air  around  it 
changes^    The  manner  in  which  the  sensor  changes  resistance 
depends  on  its  "temperature  coefficient.**,  That  is:    if  the 
TEMPERATURE  of  the  air  across  the  sensor  increases  and  the 
RESISTANCE  of  the  sensor  also  1 Ac r eases t  the  censor  has  a 
-POSITIVE  TEMPERATURE  ^COEFFICIENT  OF  RESISTANCE.    It  follows  then 
that  with  a  POSITIVE  COEFFICIENT  the  resistance  will  decrease  if 
the  temperature- of  the  air  defcreases.    The  point  is*,  they  Increase 
together  and  decrease  together.    On  the  other  haiid,  if  the 
TEMPERATURE  Increases'  and  the  isensor's  RESISTANCE  decreases  at  the 


time,  it  has  a  Negative  Coefficient.    This  alw  means  the 
sensor's  resistance  ^11  Increase  as  ttie  temperature  decreases. 


sheet. 


Mark  the  following  statements  true  or  false  on  your  response 


J.      Heating  a  piece  of  copper  wire  will  cause  its  resistance 
to  decrease. 

2.  Glass  has  very  high  resistance. 

3.  All  materials  Increase  in  resistance  when  heated. 


Complete  the  statements  by  using  the  word  Increases  or 
decrease^^. 

POSniVE  COEFFICIENT  NEGATIVE  COEFFKIENr 

1.    If  temperature  Increases,          3.  If  temperature  Increases, 

the  resistance  .  the  resistance 


2.    If  temperature  decreases,  A.    If  temperature  decreases, 

the- resistance.  .  the  resistance 
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Anamrs  to  Frame  21:    1.    F     2.    T     3.    F  1.  increases 


2.  decff  g 
4.  InctttMes 


Fraae  22 

Ramemb«r  that  the  equipment  temperature  senaor  forms  part  of 
the  bjrldge  circuit.    Its  purpose  Is  to  sense  the  temperature  of 
the  air  going  to  the  equipment  compartment.    This  is  done  by 
sending  a  signal  to  the  controller  in  the  form  of  a  resistance 
signal 

Here  is  hov  it  is  done.    The  sensor  contains  a  resistance 
element  which  changes  resistance  with  changes  in  temperature. 
This  resistance  element  forms  one  leg  of  the'  bridge  circuit  in 
ther^equipment  temperature  controller.    This  sensing  element  has  a 
negative  coefficient  of  resistance.    This  means  that  as  the  air 
temperature  around  the  sensor  goes  up  the  resistance  value  of  the' 
senapc^goes  dovn>  ,and  as  the  temperature  around  the  sensor  goes 
dovn,  the  resistance  value. of  the  sensor  goes  up«    When  the  input 
signal  (RESISTAHCE  SIGHAL)  is  received  by  the  controller  the 
change  in  resistance  in  that  leg  of  the  bridge  circuit  •'ill 
unbalance  th^  bridge.    Based  on  this  inp«t.^ign*l  (CHx::oX  IN 
RESISTAHCE)  the  controller  directs  electrical  power  out  to  tfi^ 
turblnf  birpass  valve.    The  electric  motor  will  move  the  turbine 
bypass  valve  to  the  required  position  and  maintain  the  tempera* 
ture  desired  in  the  equipment  compartment. 

The  illustration  below  may  help  you  remember  the  basic  facts 
about  temperature  sensors. 


NEGATIVE  COEFFICIENT  SENSOR 


TEMPERATURE 
AROUND  THE 
SENSOR  INCREASES 


RESISTANCE  OF 
THE  SENSOR 
DECREASES 


SYSTEM  TEMPER 
ATURE  WILL  GO 
COLD. 


TEMPERATURE 
AROUND  THE 
SENSOR  DECREASES 


RESISTANCE  OF 
THE  SENSOR 
INCREASES 


SYSTEM  TEMPER- 
ATURE WILL  GO 
HOT. 
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ficum  23 

that    •  h4vc  twiwd  th«  ba    :  prlnclplM  and  oparation 
of  aa^sora,  va  can  aaa  «^at  part  tha  v^ulpmant  taapcratura  aanaor 
playa  In  maintaining  tha  e^^ract  tamparatura  in  tha  aqulpmant 
cdvpartaant. 

Slrea  tha  taoparatura  la  controllad  autosatlcMlly,  thara  otuat 
ba  a  Mana  of  aanaing  tha  tacparatuVa  of ^ tha  conditionad  air  going 
to  tha  aquipMnt  coaq>artsanta.    Via  uaa  tha  aquipnant  taaparatura 
nanaor  to  do  thia. 

Tha  aqulpi^mt  ayataa  taaparatura  aanaor  la  ahovn  in  iUuatra-* 
tion  A.    Notiea  ^hat  thia  aanaor  looka  tha  aaaa  aa  tha  cabin 
ayata*  aanaor,  ^hovavar,  thay  ara  nvi.  intarchangaabla  bacauaa  tha 
aquipMnt  aanaor  haa  a  diffarant  raaiat«nca  valua  from  tha  cabin 
aanaor.   


Tha  taoqiaratura  aanaor  containa  a  tamparaturs  aanaitfva 
raaiatanea  alaaant.    Tha  aanairig  alamant  haa  a  nagatlva  coefficient 
of  raaiatanea.    In  thi#  raapao^t  it  ia  tha  aama  us  t*  ^-^bin 
ayataa  aanaor. 

Tha  aquipaant  ayataa  tamper ature  aanao!^  ia  located  in  tha 
c^itionad  air  duct  between  the  refrigeration  unit  and  the  equip* 
aent  conLpartaanta. 

^lluatration  B  ahova  the  circuit  going  to  tl  it  temperature 
control  aaaaably.    Aa  the  teaperature  changea,  the  reaiatance 
changea.  ""Thia  cauaea  a  aignal  to  be  aent  to  the  temperature 
control  aaaaably.    Thia  reaiatance  aignal  vill  unbalance  the 
bridge  circuit  and  the  teaperature  controller  will  direct  ^ 
olectri^al  power  to  the  turbine  bypaaa  vi^lve. 

■  k  
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Pr«i«  23  (cont'd) 

Pill  In  th«  blaoM  to  cospl^tt  tYm  fol loving  stattMntc. 

Tho  tMporaturo  of  tho  «ir  goint  to  thm  o^ipvnt  eovpartamta 
is  Mnt#d  by  tho  ^ 

An  ln^to«M  in  air  toaporaturo  in  tho  eontitlonirf  air  duct 
vill  causa  tha  raaiatanca  of  tha  taaparatura  aanaing  alaaant 

to  ^.  ^ 

A  changa  in  raaictanea  of  tha  tanp^aratura  aanaing  alarant 
will  cauaa  a  aignal  to  ba  aant  to  tha  .  
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ihxwmf  to  fTMt  23:    L    tiptramrt  ifntor     2.  dtcrtMt 

3.    twratttrt  control  w— bly 

Ttmm  U 

When  Mp^alnlng  tht  task  of        tMp«ratur«  control  asstably 
it  m9  Mid  ti^at  it^autoMtically  ke^ps  83^F  fro«        lav^l  to 
25.000  fMt,  tn<!  40  r  abova  ''S.OiO  f#et.    At  this  point  you  may 
b«  Mklng.  vhy  cluintt  th«  tMp«ratur«,  and  hov  la  thct  tanparatura 
changed  autosatically? 

Tha  reason  for  changing  the  temperature  la  due  to  the  solatura 
In  the  air,    Belov  23*000  £eet»  there  la  nore  Mlature  In  the  air 
than  at  the  higher  altitudes.    It  U  neceasary  to  keep  the  high 
temperature  to  stop  the  moisture  from  condensing  and  caualng 
corrosion.    Above  23,000  feat,  there  la  very  little  molstu  :e  In 
the  alt,  so  the  lomer  tipqperature  la  uaed, 

Hov  can  the , temperature  be  changed  automatically  at  a 
apeclflc  altitude?   Thia  la  the  uak  of  the  altitude  preeaure 
airltch, 

The  aliltude  pjteaaure  avltch  la  ahovn  In  akatch  A,    Thl^  unit 
contaic^  an  aneroid  and  a  mlcroavltch*    The  aneroid  aenaea 
atmoapherlc  preeaure  and  controla  the  poaltlon  of  the  switch 
contacts, 

Belov  23,000  foet,  vhere  the  atmoapherlc  pressure  is  higher, 
the  aneroid  vlll  hold  the  avltch  in  one  poaltlon  as  ahovn  in 
akatch  B,    As  the  aircraft  goea  above  23,000  feet*  the  a^moa- 
pherlc  preeaure  decreaaea  and  allovs  the  ana.wld  to  move  the 
avltch  conucts  to  the  opposite  position  a-^  ahovn  in  akatch  C. 

ilhen  the  avltch  changea  the  realatance  value  in  the  bridge 
circuit,  thli  cauaes  tha  ayatem  to  maintain  the  lover  temperature 
above  25,000  feet. 


Atovc  Firr 
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Frama  Ik  (Continued) 


rill  In^tht  blanks  to  eoapl^tt  tha  following  atatamanta: 

Ai  tha  aircraft  goaa  abOTa  25,000  faat,  tha  raalatanca  valua 
of  tha  brldga  circuit  la  changad  by  tha  


Tha'altltuda  pra^aui^a  avltch  contalnl  an 
and  a  ^   .  , 

Tha  altltuda  praaaura  avltch  aanaaa   


Aa  tha  aircraft  Incraaaaa  altltuda,  tha  aurroundlng 

ataoapharlc  praaaura    (llS^raaaaa/ 

f  dacraaaaa) . 

Tha  acaoaphara  abovt  25,000  faat  contalna  , 
(aora/laaa)  sola tur a  than  at  aaa  laval. 
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Ansmrs  to  Prwe  24: 


I.    altittidft  presture  switch     2.  maroid 
nicrotyltch     3*    ataotpherlc  pregture 
4«    decr—M     5«    legs  • 

PraM  25 

(Ilu<€t  aonal  r^ondltlons,  the  teaperature  eeneor  senses  the 
teapcrsture  «o<i  sends  signslf  to  the  tespersture  conttrol  assembly. 
The  temperature  control,  assMbly  then  positions  the  bybass  valve 
to  keep  the  proper  temperature. 

But  i*at  happens  if  the  bypass  valve  should  fail  In  the  open 
position  or  if  the  sensor  had  an  open?    The  system  vould  give  only 
hot  air.    In  a  very  short  time  this  would  cause  an  overheat 

condition. 


isvoc 


1 


] 


< 


I 


IT 


SWITCH 


B 


The  temperature  limiter  and  the  tmmperature  Ilniter  switch 
work  together  to  stop  dsmage  to  the  system  from  an  overheat 
comiltion.    When  the  temperature  in  t^e  conditioned  air  outlet 
duct  reaches  150      the  two  parts  wlU  causa  the  aii;  conditioning 
systM  to  shut  off  and  \  warning  light  to  come  on.    IT  schematic 
of  these  two  parts  Is  shown  in  sketch  A. 

Sketch  B  shows  the  temperature  llmlter.    This  Is  a  normally 
op^n  tsmpe'rature  sensing  s^tch.    This  type  of  switch  is  called  a 
thermoewltch.    When^xhe  temperature  is  below  15Q^F,  the  contacts 
will  be  open.    When  the  temperature  exceeds  I50^r«  the  contacts 
will  close.  i  I 

■amsnber,  this  is  not  a  sensor,  it  is  a  switch  that  is 
actuated  by  tMat.  ^  ^ 
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Frate  25  (contM) 
nil  In  thm  blMks  to  coKpl^tc  the  follovlag  statments: 

DcMge  due  to  an  overheat  coadition  la  prevented  by  the 

— ii^—^^^^.—  — — temperature 
llftlur  evltch* 

The  tMperature  illklter  la  a  thermo    


The  equipment  ayateoi  temperature  llmlter  is  normally 
>  (open/doaed) . 

When  the  air  in  the  conditioned  air  duct  reaches  an  overheat 

.condlUon,  the  temperature  limiter  will  ^  ^ 

(open/ctose) .  , 


0 


M  t 


Answvrs  to  Fraa*  25: 


1. 
3. 


Fr«M  26 


teaperature  llalfr 
open     4.  cio««, 


2.  switch 


/ 


Th«  sketch  b«lw  shorn  the  tMperature  li?iiter  linked  to  the 
coil  of  the  tenpereture  Itmiter  evitch.    The  temperature  liaiter 
eirltch  ii  e  r*il«y.    In  feet,  it  ie  tuo  relays  built  in  one.  OAe 
coil  is  mrepped  about  the  core,  then  a  second  coil  is  wr.4.?ped 
over  the  first,  but  in  the  opposite  direction. 

The  bottov  coil  is  called  the  latch  coil,  and  the  top  coil  is 
called  the  reset  coil.    Ourrent  flov  through  the  latch  coil  will 
energize  the  relay  to  pull  the  cooucts  dojra.    Current  flov 
through  the  reset  coil  vill  deenerglse  the  relay  to  «ove  the 
contects  ii£. 

At  the  tlM  of  uor«el  operation,  both  coils  are  actually 
deenerglsed,  but  the  rela>  is  made  so  that  the  contacts  will  stay 
in  the  up  position.    When  the  temperature  exceeds  150  P,  the 
temperature  liaiter  contacts  vlll  close,  directing  current  flow 
through  the  letch  coll. 

This  ^lls  the  contacts  down.    When  the  contacts  move  dowm, 
it  will  stop  the  flow  of  con4^tioned  air  and  turn  on  two  warning 
lights.    The  sketch  shows  the  te^>erature  11ml ter  contacts  closed, 
end  the  Utch  coil  energized. 


Pill  In  tho  blanks  to  co^>ltt«  the  following  stateaenta: 

When  an  overheat  condition  occurs,  the  temperature  llmiter 
switch  will  be  energized  by  the  coil. 

Current  flow  to  the  latch  coil  of  the  temperature  Uaiter 
switch  is  controlled  by  the 
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Ansvtrs  to  Frame,  26:    1.    latch'     2.    temperature  llalter 

Frame  27  ^ 

The  akatch  below  ahova  one  of  the  warning  light  panela  and 
the  RADAR  CHI  COOL  OFT  light*  ^ 

^e  abbreviation  CNI  means  communication  navigation  instruments. 

.nis  la  the  purpose  of  the  electronic  equipment  that  are 
cooling.  '   


Haming  Panel « 


FRIC 


There  are  two  RADAR  CNI  COOL  OFF  lights  in  thia  system.  One 
warning  light  is  on  the  pilot's  panel  (forwarrfcockpit)  and  the 
Qther  la  located  on  the  radar  pilot's  panel  (aft  cockpit). 

Theae  lights  will  light  any  time  th»e  is.  an  overheat  condi* 
tlon  In  the  equipment  air  conditioning  system/  The  sketch  bel6w 
shows  the  circuit  for  thr;  vafnlng  lights.  / 

In  this  aketch,  the  temperature  llmlter  is  closed,  energizing 
the  latch  coil.    Thia  tuma  on  the  waminfr  lights. 

C<N»t_0»f 


ttM  iMffft 


PraM  27  (CoatiniMd) 


^     nil  in  th«  blanks  to  cosplate  ths  follo«flng  •tataaantfl: 

1.  Th«  porpoM  of  th«  RADAR  CHI  COOL  OFF  lights  Is  to'  warn4h« 
pilot  of  an  ■ 

 —  

2.  Thf  RA^Aft  CHI  COOL  OFF  lighti  arc  turnad  on  «han  the 

\  toil  of  tha  taaparatura  limitar  switch  le 

1  C 
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AAtm:*  to  rraam  27:    1.    ovrh»«t  cot  4ition     2.    latch  «nTglMd 
;  '  ,  ^  fxmm  28 

After  u  overheat  eondit^oe  hee  occurred «  the  eyetes  will  not 
reeet  eatoMtioi^lly,    4  reeet  buttoa  iM  used  to  reetert  the 
•Tstett.    The  reeet  buttoa  coKpleiee  e  circuit  to  energise  the  reset 
coil.'  This  pulls  the  contacts  up. 

Ihore  erf  two  reset  buttons.    One  reset  button  is  located  in 
the  fonsird  cockpit, .and  one  in  the  aft  cockpit.    This  enables 
either  pilot  to  reset  the  systea. 

This  sketch  lAions  the  reset  circuit.    When  either  reset 
button  ie  puehed^  in,  current  will  floi#  to  the  reset  coil,  energize- 
ing  the  relay  to  the  up  position.    Th^  relay  vlll  stay  in^this 
position  until  the  eyetea  overheats  again. 


/ 


MIOTt  tf  lilT 
SWITCH 

-A 


9A0AI  fllOTI 
tiUT  tWiU^vt 


f1 


^*  eon 

J 


Fill  in  the  blanks  to  complete  the  following  statements: 

1.  To  restart  the  system  after  an  overheat  condition,  the  pilot 
must /press*  the  .   . 

./ 

2.  Qiri^ent  is  directed  to  the  reset  coll  of  the  temperature 
llmlter  switch  by  the  ■  


\ 


Anwira  to  FraM  ^S:    1.    raaat  button     2.    raaat  byttoo 
PraM  29  '   '  ^ 

lha  akatch  In  thla  fraM  ahova  tha  tanparatura  lialtar^ 
taeparatura  llmitar  avltch,  mrnlng  llghta.  and  raaat  buttona. 
lotlca  that  lAian  tha  ta^^ratura  lisltar  avltch  contact  aovaa  ^ 
donn.  It  cottplataa  tha  circuit  to  turn  on  tha  iwimlng  lighta. 

Alaot  notlca  that  thla  opana  tha  circuit  going  to  tha  praaaura 
/     ragulator  and  Cutoff  valva  aolanold.    Thla  daanarglata  tha 
aolanold  caualng  tha  valva  to  rloair  which  atopa  tha  flow  of 
condltlonad  air. 


lAOAt  cm 

CCOt  OfT 


WAtNtNO 
HOMf  ^Wii 


VAC 


lOUirMlMt 
COOiMO 


aiMT  I 

SWiTCN 


^  iiOUUTOi 
ANO  imiTO^^ 


nmp  iiMiTii 
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ItM  ilMITia 
IWITCN 


1fc«n  tlMi  cofHiltioti«d  airflow  stops .  will  th«  cqulpamt  I 
ea^psrtMntt  rte«lv«  any  cooling  air?.... lis,  thay  will  racalve/ 
ran  air.    Ummh^t,  any  tlaa  tha  blaad  air  praaaura  regulator  ahd 
ahatoff  valva  eloaaa,  tha  ram  air  valva  opanaV 


Bow  lat>  auaaarlsa  what  happena  whan  tha  aystaa  ovarhaata 
(taitparatura  axeaads  150°r).    Plrat  tha  tanparatura  lialtar 
eentacia  eloaa;  thla  anarglsaa  tha  latch  coll  of  tha  taaper^ture 
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FraM  29  (Continued) 

* 

tiBlt«r  tvltch.    This  cmuMs  th«  ralay  co/taeti  to  i»ov«  down, 
turnlnf  on  tha  wrnins  lights  and  shutting  tha  air  conditioning 
systaa  off.    Whan  tha  ajata*  shuts  off,  tha  ra«  air  valva  opans. 

Aftar  tha  taaparatura  (;oola  balov  150^F»  the  fliysceai  can  be 
raaat  by  prasslng  alther  raaat  button. 

nil  in  tha  blanks  to  complata  tha  following  statements,  or 
cixcla'  tKa  correct  anavar. 

1,  If  an  ovarhaat  condition  occurs,  tha  pressure  regulator  and 
ahutoff  valva  will  ha  , 

2.  Whan  an  overheat  condition  occurs,  will  the  air  conditioning 
^systea  be  shut  off?   '  (yes/no). 

'If  an  ovarhaat  condition  occurs,  will  the  electronic  equip- 
aant  racalva^^y  cooling  a lir?                               <yaa/no) . 
If  your  anawar  waa  yea,  than  where  will  tha  cooling  air  coma 
fro«?  

4,     What  iuat  tha  pilot  do  to  reatart  the  system  after  an  overheat 
condition  haa  occur rjed  and  tha  system  has  cooled  off? 


5.     When  tha  temperature  pf  the  air  going  to  the  equipment 
'  ^cosipartaants  overheats,  how  is  the  pilot  Informed? 
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Aa««ers  to  Fr«a«  29:,,l.    closed     2.  3.    ye.    throuah  the 

rg  el.r  valve  4.  press  the  reset  buttoiT 
5.    bjl  the  warnltn^  lights 

Prme  30 

,  Using  the  diagram  on  the  opposite  page,  select^he  number  f5r 
the  component  that  matches  the  Ptat^ent  listed  below. 

 ^1.      Automatically  controls  the  position  of  the  turbine 

bypass  valve. 


_2.      Causes  the  temgerdture  In  the  equipment  compartments  to 
decrease  to  40  F  when  the  aircraft  goes  above  25.000 
feet. 

^3.      Warns  the  pilot  of  an  overheat  condition. 

Gas  a  negative  coefficient  of  resistance. 

J.      Energiied  wheb  the  landing  gear  handle  is  in  the  gear 
down  position.^. 

Closes  when  the  temperature  exceeds  150°F. 

J.      When  energized  by  the  temperature  limiter.  turns  on  the 
warning  lights  and  shuts  off  the  air  conditioning  system. 

J.      Opens  when  the  landing  ^ar  handle  is  in  the  gear  down 
position. 

_9.      Directs  partially  cooled  bleed  air  either  into  or  around 
the  turbine. 


Answers  to  Frame  30:       2    1.         7    2.         13.  34 

^    5.         9    6.        10    l\  5 


3  9. 
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EQUIPMENT  AIR  CONDITIONING  SYSTEM  WIRING  DIAGRAM 


OBJECTIVES 


Using  a  wiring  diagram^  Identify  14  causes  for  the  }0  given 
equipment  air  conditioning  system  troubles. 


EQUIPMENT 


Tape  and  Tape  Player 


Basis  of  Issue 
1/student 


INSTRUCTIONr 

Infomatldnon  the  purpose  of  the  Equipment  Air  Condltlon'^ng  System 
components  and  cfle  procedures  for  you  to  follow  when  using  this  workbook 
are  given  by  tape  recorded  Instructions.    As  ynu  lltten  to  the  recording, 
you  will  be  given  the  air  conditioning  system  operation  an(l  directions 
to  follow  for  tracing  the  electrical  circuits.    Listen  to  the  recording 
until  the  epeaker  tells  you  to  turn  It  oti.    The  speaker  will  tell  you 
wh#*^  you  are  to  trace  a  circuit  or  answer  questions  given  In  the  workbook. 
To      Instructor  will  show  you  how  td  install  the  tape  and  how  to  operate 
the  tipe  player.    Pay  close  attention  to  all  directions  that  are  given 
oiv  the  tape.    Wher  tracing  circuits  or  answering  questions  In  ^hls  work- 
book, if  your  responses  are  Incorrect,  restudy  the  information  or  reverse 
the  tape  and  listen  to  the  instructions  again.    Af ^r  coisqpleting  this 
lesson  you  wl^l  be  required  to  sclve  10  of  the  14  ^oblems  which  are 
given  at  the  back  of  the  text.    If  you  are  ready  to  begin,  and  the 
Instructor  has  already  briefed  you,  turxuon  the  tape  player. 
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SECTION  1-    PURPOSE  0?  COMPONENTS  /Y7Y 

Using  the  dicxgraa  (foldout  2  at  the  back  of  this  package) 
and  the  information  give  on  the  tape,  fill  in  the  blanks  to  complete 
the  following  statasiente. 

!•     When  electrical  power  is  applied  to  the  aircraft,  the  bleed 

air  pressure  regulator  and  shutoff  valve  solenoid  is  

(energize  :Vdeenergiz^d}  • 

2.  The  solenoid  on  the  bleed  air  pressure"  regulator  and  shutoff 
valve  requires   volts  DC  for  operation. 

3.  The  ground  cooling  ejector  shutoff  valve  will  open  when 
th-  landing  gear  handle  is  in  the     position, 

4.  The  landing  gear  control  switch  is  mounted  on  the   


5.  The  ground  cooling  ejector  shutoff  valve  requires   ^ 

volts  DC  to  operate. 

6.  The  landing  gear  auxiliary  r^lay  is  energized  when  the 

landing  gear  handle  is  in  the    position. 

TUBN  ON  THE  TAPE  RECORDER 

7.  The  temperatui     sensor  has  a    (negative/positive) 

coefficient  of  resistance. 

8.  An  increase  in  air  temperature  will  cause  the  temperature 
t 

sensor  resistance  to   


9.      The  turbine  bypass  valve  is  operated  by  a   "        volt  DC 

motor. 

If).      The  voltage  requirements  for  operation  of  the  temperature 
control  assexrfjly  are   and   • 

11.      The  t   .iperature  control  assembly  contains  _ 
amplifiers  and  transistors. 


2P7 


12.      The  resistance  signal  from  the  temperature  sensor  Is  sent 


to  the 


13.  .   When  the  aircraft  goes  above  25,000  feet  the  equipment 
system  temperature  I3  _____  by  the  switch. 

14.  The  reason  that  a  higher  temperature  Is  maintained  In  the 

equipment  compartiroents  25,000  feet  is  due  to  the   In 

the  air.  ^ 

15.  The  altitude  pressure  switch  senses  pressure. 

TURN  ON  TVE  TAPE  RECORDER 

16.  When  the  latch  coll  is  energized,  the  temperature  llmlter 
switch  causes  the  pressure  regulator  and  shutoff  valve  Glenoid  to 
  (energlze/deenerglze) . 

17.  The  units  that  m^e  up  the  overheat  warning  circuit  are  the 

temperature  temperature   and  the 

   warning  lights. 


18.  After  an  overheat  condition  has  occurred,  it  is  necessary 

to  press  one  of  the   ^  switches  in  order  to  restart  the  air 

conditioning  rystem. 

19.  The  inlet  air  temperature  limlter  is  a  normally   

thcrmoswitch. 

TURN  CN  THE  TAPE  RECORDER 

20.  When  electrical  power  is  applied  to  the  aircraft,  the  solenoid 
on  the  pressure  regulator  and  shutoff  valve  is  , 

21.  The  ground  cooling  ejector  shutoff  valve  is  controlled 
by^he  • 

22.  When  the  aircraft  is  below  25,000  feet,  the  temperature  is 
maintained  at  • 


ERIC 
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23.    The  conditioned  air  temperature  la  aensed  by  the 


24.    The  two  different  temperature  rangea  ar^  controlled  by  the 


25.  When  the  temperature   the  aenaox  reaiatance  will 

decrease, 

26.  ihiriiig  flight,  if  tne  equipment  ayatem  conditioned  air 
temperature  exceeda  150*  F  (overheata) »  the  preaaure  regulator  and 

^ahutoff  valve  will  be  . 

27.  The  purpose  of  the  RADAR  CNI  COOL  OFF  lighta  is  to  inform  the 
pilot  of  at)  _^  .  . 

28.  An  overheat  condition  ia  aenaed  by  the   

4 

29*    The  latch  coil  of  the  Inlet  air  temperature  llmlter  I2  energized 
when  the  system  , 

TURN  'on  THZ  TAPE  RECORDER  -  ^ 
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^^^^        *    SEpTIOK  2,    TEMPERATURE  CONTROL  CIRCUIT 


Figure  1. 

1«      Temperature  control  of  the  equipment  air  conditioning  system 
i«  coiq>letely   . 


2,      Current  flows  through  an  electrical  circuit  only  if  t^J^^^  is 
a  difference. in 


3.      In  the  circuit  Illustrated »  if  the  voltage  at  points  A  and  B 
were  the  same,  would  there  be  any  current  flow  through  resistor  R2? 


TURN  ON  THE  RECORPER 

4,      The  difference  in  voltage  potential  across  a  bridge  circuit 
is  dependent  on  the    across  the  resistors. 


ERLC 


2r>ti 


5.  In  a  series  circuit  with  three  equal  resistors  and  a  6-volt 

source 9  the  voltage  drop  across  each  resistor  will  be  ^  

volts* 

6,  The  voltage  potential  at  point  B  in  figure  3  below  is   ^ 

volts  • 


Rl 


6V0C, 


I 


Figure  2. 


m  c 


SVDC  _ 


Figure  3. 


TURN  m  THE  TAPE  RECORDER 


6VDC 


Figure  A. 
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(  Figure  5*  ^ 

/ 

Refer  to  figure  5  to  complete  statements  7  through  10* 

/ .      The  voltage  potential  between  points  B  and  D  is   

volts •  ^ 

8.     The  voltage  <^rop  across  the  2-ohm  resistor  is  

<• 

^  volts « 

^  The  two  8-ohm  resistors  are  ^  (serics/pavallel) . 


«     10,     The  voltage  potential  between  poi    s  B  and  C  is  

volts. 

TUiW  ON  THE  TAPE  RECORDER 

Reler  to  figure  6  to  complete  statements  11  and  12 « 
11,      If  R4  contained  less,  resistance  than  Rl,  the  voltage  potential 

at  point  A  would  be    (less /more)  than  the  voltage  potential 

at  point  B, 

12»      If  Rl  contained  less  resistance  than  R4,  would  there  be 

current  flow  through  resistor  R27   . 

TURN  ON  THE  TAPE  RECORDER 


r  jljljiesvouTs 


Figure  7. 

Refer  to  figure  7  to  complete  statements  13,  14,  and  15^.- 
13*.      When  the  bridge  circuit  is  balanced,  the  resistance  of  P4 
will  be  equal  to  the  resistance  of   plus    . 

14.  When  the  bridge  :'.s  balanced  the  voltage  at  points  A  and  B 
will  be  . 

15.  If  the  voltage  drop  across  resistor  R4  is  less  than  the 
voltage  drop  across  the  combined  resistance  of  Rl  and  R3,  the  bridge 
will  be 


TURN  ON  TAPE  RECORDER 
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Refer  back  to  figure  7  to  complete  statements  16  and  17. 

16.  If  the  resi»tari6e  of  R4  is  less  than  the  combined  re^stance 
of  Rl  and  R3,  the  voltage  potential  will  be  greater  at  point 

 •  • 

17.  If  the  resistance  of  R4  is  less  than  the  combined  resistance 
of  Rl  and  R3,  current  will  flow  through  the  two  colls  froa  point 
 ^  to  point   ^  * 

TURN  ON  THE  TAPE  RECORDER 


|||||68^V0LTS 


TEMPERATURE 
SENSOR 


Figure  8. 

Refer  to  figure  8  to  i-.omplete  statements  18  through  23.    Kee|  in 
mind  :he  question  "What  happens  when  the  a^r  gets  too  warm?'*    as  you 
complete  each  of  these  statements* 

18.      The  sensor  resistance  ^   . 

than 


19.  The  voltage  drop  across  the  sensor  will  be 
the  voltage  drop  across  the  con^inatlon  Rl  and  R3. 


er|c 
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20. 
21. 
22. 

23. 


The  largest  voltage  potential  will  be  at  point 


Current  will  flow  from  point  to  . 

This  will  cause  the   ^  transistors  to  conduct* 

The  turbine  bypass  valve  will  _^  * 


l|l|l6,8  VOLTS 


BEIXW        ABOVE  TEMPERATURE 
25J0OOFT  25P00FT  SENSOR 

Figure  9, 


\$        3t        >•  »•        *•  —  M  ^ 

AMlifNT   TlMMfcATuH^-  OlCHtl  » 

Figure  10. 

11 
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TURH-  OM  THE  TAPE  RECORDER 

Refer  to  figures  9  and  10  to  complete  statements  2A  through  31. 

24.  If  the  temperature  drops  below  85*F,  the  sensor  resistance 
vill  •  ^ 

25.  if  the  sensor  resistance  increases,  the  voltage  potential 
will  be  greater  at  point  . 

26.  When  current  flows  from  point  B  to  A,  it  will  cause  the 

_  transistors  to  conduct. 

27.  If  the  temperature  goes  above  85*F/  the  voltage  potential 
will  be  greater  at  point  

28.  Current  flow  from  point  A  to  point  B  will  cause  the 
 transistor  to  conduc 

29.  The  unit  that  causes  the  temperature  to  change  from  85*'F  t 
40*F  when  the  aircraft  goes  above  25,O0u  feet  is  the   j 

^  30.  When  the  aircraft  is  below  25,000  feet,  the  resistance  in 
series  with  the  sensor  is  rauistor   

31.      Should  the  temperature  in  the  equipment  air  conditioning 
system  drop  to  70°F,  the  sen&or  resistance  will  be  approximately 

  ohms.    Would  this  cause  the  bridge  to  be  unbalanced? 

TURN  ON  THE  TApf  RECORDER  , 
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25f; 


6 8 VOLTS 


Bn  t  W  ABOVE  TEMPCRATt'RE 
2bp00yT   ?bpOOf\  SENSOR 


Figure  II, 

Refer  to  figure  11  to  complete  statements  32  through  34* 

32.  When  the  aircraft  is  above  25,000  feet,  the  resistors  In 
series  with  the  sensor  are  resistors   and  . 

33.  The  altitude  pressure  switch  controls  the. temperature  by 
changing  the  values  In  the  bridge  circuit. 


34.      Resistor  Rl  Is  bypassed  when  the  aircraft  la 
(above /below)  25,000  feet. 
TURN  ON  THE  TAPE  RECORDER 
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SECTION  3.    SYSTEM  OPERATION 

Answer  statementa  1  ^hrouc^h  5  by  circling  the  word  opposite  each 
of  the  statements  that  identifies  the  condition  of  the  component  when 
electrical  power  is  first  applied  to  the  aircraft.    Use  figure  12  as 
an  aid  in  detenninlrfig  the  condition  of  the  component. 

!•      Ground  cooling  ejector  shutoff  valve  (open/closed). 

2#      Landing  gear  auxiliary  relay  (energized/deenergized) . 

3*      Pressure  regulator  and  shutoff  valve  solenoid  (energized/ 
Jeenergizea) . 

4.  Temperature  limiter  switch  (energized/deenergized). 
Referfing  to  figuie  12,  complete  statements  5  through  7. 

5.  An  open  in  wire  number  H53A20  will  cause  the  ^ 

 ^    to  be  inoperative. 


6.      An  open  in  wire  number  G31A20  will  cause  the 


to  stay  closed* 


7.      An  open  in  wire  number  H48F20  will  cause  the 


valve  to  be  inoperative  and  also  the 


ground  cooling  ejector  shutoff  valve  to  be 


On  the  large  diagiam,  Foldout  2,  use  your  red  pencil  and  trace 

in  all  of  the  circuits  that  you  just  traced  on  figure  12. 
TURN  ON  THE  TAPE  RECORDER 

Refer  to  figure  13  to  complete  statements  8  through  13. 

8..     When  the  voltage  potential  is  lower  at  poinc  A  than  at 
point  B,  it  will  cause  the  turbine  bypass  valve  to  operate  toward  the 
 position. 

9.      A  short  between  pins  A  and  B  of  the  inlet  air  temperature 
sensor  will  cause  the  turbine  bypnss  valvc  to  operate  tcard  the 
position. 

14 
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St. MS  On 


TEMPERATURE  CONTROL     COLD  BELOW  ^5000  FEET 
V  Figure  13. 


10 «  An  open  in  wire  number  H47A20  will  cause  the  turbine 
bypass  valve  to  be  inoperative  when  demanding    air. 

11.  When  cold  air  is  demanded,  the  turbine 'bypass  valve 
operates .toward  the    (open/closed)  position 

12.  When  the  aircraft  is  below  25,000  feet7*>e^stor 


is  in  series  with  the  inlet  air  temperature^  sensor .    This  causes  the 

system  to  maintain   .  degrees. 

13.      When  the  aircraft  is  ab  ove  25,000  feet,  resistors  ' 

ana 


^_   are  in^  series  ^Ith  the  inlet  air  temperature  s^ensor. 

This  causes  the  system:  to  maintain   degrees • 

On  the  large  diagram,  Foldout  2,  use  your  blue  pencil  and  trace 
in  all  of  the  circuits  that  you  just  traced  on  figure  13.  - 
TURN  THE  TAPE  RECORDER  ON 

Refer  to  figure  13  to  complete  statements  14  through  18, 

14.  When  the  voltage  potential  Is  greater  at  point  A  than  at 
point  B,  it  will  cause  the  turbine  bypass  valve  to  operate  toward 
the   position^ 

15.  An  open  in  the  inlet  air  temperature  sensor  will  cause  the 
turb.ina  bypass  v^lve  to  operate  toward  the  posicion. 

16 •  An  open  in  wire  number  HA6A20  will  cause  the  turbine  bypass 
valve  to  be  inoperative  when  demanding   air. 

17.  When  hot  air  is  demanded,  the  turbine  bypass  valve  operates 
toward  the   (open/closed)  position. 

18.  An  open  in  wire  number  H73A20  will  cause  the  turbine  bypass 
valve  to  operate  to  the  full  _______  position  when  the  aircraft 

is  ^  (above /below)  25,000  feet. 
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Figure  14. 
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On  the  large  diagraxs,  Foldout  nuinber  2,  use  your  orange  pencil 
"and  trace  in  all  of  the  circuits  that  you  just  traced  on  figure  13, 
Be  su^e  to  use  colored  arrows  on  the  circuit  between  points  A  and  B 
to  indicate  direct icA'i  of  current  flnw  for  the  system  when  demanding  hot 
air. 

TURN  OH  THE  TAPE  RECORDER 

Refer  to  figure  14  to  complete  statements  19  through  23. 
19.      The  inlet  air  tenperatvVe  limiter  is  a  normally  


thermoswltch.  . 

20.  The'^nl^t  air  temperature  limlter  closes  lit  ,  degrees 

21.  When  the  inlet  air  temperature  limiter  closes,  it  energizes 
the  ^  coil  of  the  temperature  limlter  switch. 

22.  An  open  in  wire  number  H68G20  will  cause  the  ^ 

inoperative. 

23.  If  the  air  conditioning  system  is  inoperative  and  both  warning 
llghtsl^ remain  on,  the  trouble  is  a  short  In  the   

On  the  large  diagram,  Foldout  number  2,  use  your  purple  pencil  and 
trace  all  of  the  circuits  that^you  just  traced  on  F^ure  14. 
TURN  ON  THE  TAPE  RE^^^DER 

Refer  tV  Foldout  number  2  to  complete  statements  24  and  25. 

24.  After  an  overheat  condition,  a 


must  be  pressed  in  order  to  restart  the  equipment  air  conditioning 
system. 

25.      When  either  r^set  switch  is  pressed.  It  energizes  the 
  coil  of  the  temperature  limlter  switch. 
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SECTION  4.    TROUBLE  ANALYSIS 
Open  foldout  number  1,  page  27.    There  are  16  numbers  on  this  ^ 


dlagraa  Indicating  tioubles  In  the  electrical  circuits.    The  troubles 
are  either  opens  (x)  or  shorts  (r^)  In  the  circuits  • 

♦The  statements  below  give  the  condition  for  a  trouble  in  the  system. 
Read  the  statement  then  analyze  the  diagram  to  dJ^ermlne  the  possible 
cause  or  causes*    Place  the  nuniber  or  nmnbers  in  the  blanks  provided 
that  would  cause  the  trouble.  ^  y 

 ^1.      With  the  landing  gear  handle  In  the  GEAR  DOWN  position  the 

  ground  cooling  ejector  jhutoff  valve  will  not  open. 


ERIC 


^2.      When  the  equipment  air  conditioning  system  temperature  exceeds 
150**F,  the  pressure  regulator  and  shutoff  valve  closes,  but 
\  the  warning  lights  do  not  coae  on. 

3.      The  temperature  control  system  is  inoperative  and  the  bypass 


_        valve  remains  In  a  partially  open  position. 

_4.      The  equipment  air  conditioning  system  temperature  exceeds 

150*F,  but  the  air  conditioning  system  does  not  shut  off  and 

yie  warning  lights  do  not  come  on. 
J5.      After  an  overheat  condition  the  system  cannot  be  reset. 
^6.      With  the  engines  operating  (aircraft  setting  on  the  ground) 

there  Is  no  airflow  through  the  equipment  air  conditiP^n^g 

system. 

7.      The  turbine  bypass  valve  stays  in  the  full  hot/position. 


The  equipment  air  conditioning  system  goes  full  cold  ;5|l^n  the 
aircraft  is  below  25,000^feet,  but  operates  norroally  above 
25,000  feet; 

20 
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4 

9.     The  turbine  bypass  valve  stays  in  the  fulJ.  cold  position. 


 ^10.     th^  ground\<Jl»ling  ejector  shutoff  valve  opens  normally  but 

will  not  close. 

V 

Please  check  with  the  instructor  a^ter  you  finish  this  section. 

\ 
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3ABR42331-WB-203A. 


EQUIPMENT  AIR  CONDITIONING  SYSTEM  TROUBLESHOOTING 


OBJECTIVE 


Using  a  mulclMCer  and  wiring  diagram,  perform  an  operational 
check  and  troubleshoot  the  equipment  >air  conditioning  sy>tem  trainer, 
locating  7  out  of  9  troubles  correctly. 


EQUIPMENT 


Trainer  3305,  Fighter  Air  Conditioning 
Multimter,  AN/PSM'-STA 


Basis  of  Issue 

1/student 

1/student 


PROCEDURE 

1.  Be  sure  all  your  jewelry  is  removed •    Report  to  the  lab 
instructor.    Tell  him  the  lesson  on  which  you  are  working.  The 
instruct  ')r  will  assign  you  *to  a  trainer  and  give  you  the  necessary 
materials. 

2,  This  workbook  is  ia  two  sections.    Section  1  is  to 
familiarize  you  with  the  location  and  operation  ot  the  components 
of  the  equipment  air  conditioning  system.    Section  2  gives  the 
steps  you  will  use  to  make  an  operational  check  of  the  system  and 
also  lists  the  malfunctions  that  you  are  to  troubleshoot .    Do  each 
step  as  directed. 

SECTION  1.     EQUIPMENT  AIR  CONDITIONING  SYSTEM  COMPONENTS 

1.      Location  and  Identification  of  the  System  Components, 

a.      Use  figure  1  to  locate  each  of  the  numbered  items  on 
the  trainer.    Write  the  name  of  each  of  the  numbered  components  in 
the  spaces  following.    As  you  locate  each  item*  notice  the  electri 
checkpoints  next  to  them.    These  checkpoints  are  used  for  checking 
the  electrical  circuitry  when  troubleshooting. 


Supersedes  3ABR42331-WB-203A,  8  September  1977. 
OPR:    3370  TCHTG 
DISTRIBUTION:  X 

3370  TCHTG/TTGU-P  -  300;  TTVSA  -  1  n^, 


(1)  

(2)  

(3)  ;  

(4)  

.  (5)  .  

(6)  

(7>  

(8)  

(9)   •   

Check  your  responses  with  the  answers  on  page  11. 

b.      Locate^the  following  items  on  the  trainer. 

(1)  Radsir  •:ooling  leset  buttons. 

(2)  Radar  CNI  COOLING  OFF  lights. 

(3)  Warr:infe  light  circuit  breaker. 

(4)  Landing  gear  circuit  breaker. 

(5)  bquipment  cooling  115V  AC  circuit  breaker, 
(o)  Equipment  cooll-ig  28V  DC  circuit  breaker. 

(7)  Temperature  sensor  simulator  rheostat. 

(8)  Temperature  llniiter  simulator  switch. 

(9)  Altitude  pressure  switch  simulator. 

Note:    On  tLe  trainer  Simulator  Control  Panel  thera  is  a  guarded 
switch  next  to  a  rheostat.    You  will  use  this  switch  and  a 
multioefer  wtien  checking  the  resistance  of  the  sensor* 

When  the  switch  is  in  th«i  NORMAL  position,  the  temperature 
^ensor  is  in  the  circuit  and  is  controlling  system  temperature. 
During  troubleshooting  if  you  want  to  check  the  actual  sensor 
circuit*  you  must  have  this  switch  in  the  NORMAL  positi.  n. 

When  the  switrh  is  in  the  TEsIf  position,  the  simulating 
rheostat  is  in  th€;  circuit.    It  is  used  to  simulatp  censor 
resistance  changes  for  Ciecking  the  proper  operation  of  the 
te-aperature  control  assemh      and         turbine  bypass  valve. 
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2.  Trainer  Preparation, 

a.  Place  all  trouble  switcnes  to  the  OUT  position.  These 
switches  are  located  at  the  left  side  of  the  trainer. 

b.  Push  in  the  following  circuit  breakers: 

(1)  Landing  Gear  28V  DC. 

(2)  Equipment  Cooling  28V  DC. 

(3)  Equipment  Cooking  115V  AC  400hz. 

(4)  Warning  Lights  AC. 

c.  Place  the  landing  g«ar  handle  in  the  GEAR  DOWN  position. 

d.  Place  the  sensor  simulator  switch  to  the  NORMAL 

position. 

e.  Place  the  trainer  power  switches  to  the  ON  position. 
These  switches  are  located  on  the  left  side  of  the  trainer. 

3.  Trainer  Operation. 

By  following  the  steps  lasted  below,  you  will  operate  each 
component  of  the  equipment  air  conditioning  system.    Whenever  a  switcl 
or  lever  is  used,  be  sure  to  notice  which  of  the  valves  operated  snd 
poaition  of  the  valve  after  it  has  stopped.    From  your  observation 
of  the  trainer  operation,  complete  each  of  the  statements  by  circling 
the  correct  word. 

STEP  1.      Bleed  air  pressure  regulator  and  shutoff  valve  and 
ram  air  valve  operation. 

a.  Pull  the  equipment  cooling  28V  DC  circuit  breaker    ut . 

(1)  The  pressure  regulator  and  shutoff  valve 

(opens/closes) . 

(2)  The  rm  air  valve  (opens/close^ 

b.  Push  the  equipment  cooling  28V  DC  circuit  breaker  ir^. 

(1)  rhe  pressure  regulator  and  shutoff  valve 

(opens/closes) . 

(2)  The  ram  air  valve  (opens/closes). 

STEP  2.      Ground  cooling  /ejector  shutoff  .  ^Ive  operation. 

^.      Place  the  landing  gear  handle  in  the  GEAR  UP  position. 


(1)    The  ground  cooling  ejector  shutoff  valve 

(opens/closes). 

b.     Place  the  landing  gear  handae  in  the  DOWN 
peel t ion.  * 

(1)    The  ground  cooling  ejector  shutoff  valve 

(opens/ cloees) • 

STEP  3.     Temperature  control  system  (turbine  byrass  valve) 
operation* 

a«      Since  this  syst'n  is  conypletely  automatic,  you  will 
Lave  to  siaulate  temperature  c-^.anges  in  the  duct.    This  is  done  by 
using  th«  sensor  simulating  rheostat.    Turn  the  sensor  simulating 
rheostat  'tl   tarise.  to  the  full  cold  position.    Pl«ice  the  guarded 
selector  r^tch  to  the  TEST  position. 

^  (1)    The  turbine  bypass  valve  (opens /cl oses) . 

b.  Turn  I'r-  sensor  rheostat  counterclockwise  to  the 
full  Hot  |»osition. 

(1)    The  turbine  bypass  valve  (opens /closes) . 

c.  Return  switch  to  normal  position, 
STEP  4.      Temperature  limiter  operation. 

a.  Placa  the  ten^erature  liijiter  simulator  switch  to  the 
OVERHEAT  position.  ^ 

(1)  The  pressure  regulator  and  shutoff  wive 
(opens/closes) •  /  Jf 

(2)  The  ram  air  valve  (opens / closes ) . 

(3)  The  CNI  COOLIKG  OFF  warning  iig^.ts  are  (on  ')ff).' 

b.  Place  the  nemperature  limiter  simulator  switch  to  the 
normal  position.    Did  the  pressure  regulator  and  shutoff  valve  or  the 
ram  air  valve  operate?    (Y^/No) . 

c.  Press  either  reset  buttor. 

(1)  The  pressure  regulator  and  shutot^  valve 

(opens /closes) . 

(2)  The  ram  air  valve  ( opens /clo&i^s) . 

(3)  The  GNI  COOKING  OF^  lights  are  (on/off). 


4.      Sensor  R^lstance 


a.  Before  y^^u  ca»4|g^eNan  operational  check  or  troubleshoot 
the  syatem,  the  normal  reslatancVj^lue  of  the  sensor  must  be  deter- 
mined.   To  make  this  resistance  measurement,  the  sensor  circuit  must 
be  isolated.    To  isolate  the  sensor  circuit.ylis connect  the  AN  con- 
nector attaqhed  to  the  temperature  control  iraeenbly*    Wifh  the  con- 
nector disconnected  you  will  measure  only  tie  sensor  resistance  at 

the  sensor  checkpoints.    The  checkpoints  ar ^  lettered  A  and  C  on  the 
temp4rature  control  assembly  test  panel.     3  ^ 

Note;    Tlie  sensor  simulating  selector  switch  must  be  in  the 
NORMAI,  position. 

b.  "^he  resistanrp  of  the  sensor  is  


The  resistance  value  should  be  between  1500  and  3000  ohms. 

SECTION  2.    OPERATION  AND  TROtfeLESHOOTING 

Operation 

1.  By  following  the  steps  in  Section  1,  you  became  familiar 
with  the  operation  of  each  component  in  the  system. 

2.  Before  you  can  troubleshoot  you  muse  know  what  is  and  what 
is  non  working  properly  in  i  .e  system.    To  do  this  you  must  perform 
an  operational  check.    The  operational  check  procedure  chart 
Cfigure  2),  lists  the  planned  steps  that  are  used  to  make  aa  opera- 
tional check  of  the  syscem.    Use  this^  chart  to  become  familiar  with 
each  step.    After  you  are  sure  you  can  make  an  operational  check, 
v-iontinue  to  the  troubleshooting  section.    Remenber,  you  will  i\^9.d 

te  make  an  operational  check  for  each  trouble.    DO  NOT  depend  on 
your  memory.    Use  the  checklist  to  be  100%  sure. 

Note:    The  equipment  air  condif^tioning  temperature  ^^trol  system 
is  fully  auttfflfctic.    This  mikes  it  necessary  to  simulate  the 
operation  of  ch^  equipment  sensor  circuit,  when  you  make  an 
operational  check  or  troubleshooting  the  system  on  the  trainer. 
This  must  be  done  before  th<»  sensor  resistance  Is  checked. 
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POSITIONING  CONTROL  DEVICE 

OPERATING  VALVE  OR  LIGHT 

VALVE  POSITiUiS  ' 

Pull  out  the  equlpiMut 
cooling  2«V  DC  circuit 
brtaker 

Pressure  regulator  and 
shutoff  valve 

Ram  air  valve 

Closed 
Open 

Pu»k  In  the  equipment 
cooling  28V  DC  circuit 
breaker 

Prelisure  regulator  and 
shutoff  valve 

Ram  air  valve 

Open 
Closed 

Move  the  landioj^  gear  > 
handle  to  the  GEAR  UP 
position 

Ground  Ejector  valve 

Closed 

K:.''e  the  landing  gear 
hanule  to\he  GEAR  UP 
position  V 

Ground  Elector  valve 

Open  \ 

 7^ 

 ^  

Place  the  sensor  simu- 
lator switch  to  test. 
Jptate  the  sencor  simu- 
lator rheostat  to  full 
counterclcclcvise 

Turbine  Bypass  valve 

• 

Open 

Rotate  the  sensor  simu- 
lator rheostat  to  full 
clockwise 

Turbine  -Bypass  valve 

Closed  r-^ 

Place  sensor  simulator 
switch  to  NOBMAL 

Turbine  Bypass  r-alve 

Open 

Place  altitude  pressure 
switch  to  above  25,000  FT 

Turbine  Bypass  valve 

J 

Place  altitude  pressure 
switch  to  below  25,000  FT 

Turbine  Bypass  valve 

Open 

/ 

Place  temperature  limlter 
simulator  switch  to 
overheat 

1   

Pressure  regulator  and  ' 
shutoff  valve 

Ram  air  valve 

CNI  cocl  off  light 

^Closed 

Open 
On 

Place  temperature  limlter 
simulator  switch  to  NORMAL 

No  valve  action 

1 

.  J.   — ■ 

Press  eiwher  reset  button 

Pressure  regulator  and 
shutoff  v^ve 

Ram  air  valve 

CNI  cool  off  light 

Open 
Closed 

! 

!  Uff 
1 

Figure  2.    Operational  Check  Procedure  Chart. 


Tr  *;  Jb  lesh  o  o  c  Ixxg 


1.      Before  going  through  an  actual  trouble,  let's  check  the 
turbine  bypass  valve  circuits  to  see  the  normal  indications  ind  to 
learn  the  procedure  for  troubleshooting  the  system. 

a.  Use  the  wiring  diagram  mounted  on  the  trainer  to 
t^race  the  circuits  reqr-^^ed  to  operate  the  teiiq)erature  control 
/assembly.    Trace  from  the  equipment  cooling  28V  DC  circuit  breaker 
[t^  pin  L  of  the  temperature  control  assenijly.    Trace  from  the 

j  equipment  cooling  115V  AC  circuit  breaker  to  pin  E  of  tl^e  tempera- 
I  ture  control  assembly.    Trace  from  pins  J  &nd  F  of  the  ten5)erature 
control  assembly  to  ground.    This  circuit  provides  the  necessary 
power  for  operation  of  the  temperature  control  assembly. 

b.  Place  the  sensor  simulator  switch  to  the  TEST  position. 

c.  Turn  the  sensor  simulator  rheostat  full  CLOCKWISE. 
This  simulates  an  increase  in  air  tamperaturei    A  signal  is  sent  by 
the  rheostat  to  the  control  asset* ly  demand in^-*tfold  air.    This  will 
cause  the  COLD  transistors  to  conduct. 

d.  Use  the  trainer  diagram  to  trace  the  COLD  CIRCUIT  from 
pin  N  of  the  temperature  control  assembly  to  pin  B  of  the  tJiirbine 
bypasfi:^^lvc.  ^  V 

/  e.      Use  the  mwltimeter  }ta>^eck  the  voltage  at>^in  B  of 
the  turbine  bypass  valve  checkpoint.    The  voltage  should  be  24  to 
28  volts\   Did  you         the  correct!  voltage  reading?   ^ 

Note:    When  measuring  voltage,  be  sare  the  meter  is  self'^o^^che^ 
correct  voltage  range.    Hake  sure  th^t  you  have  the  negative 
(black)  lead  to  ground.    Ground  on  the  trainer  is  any  point 

marked  witn  a  ground       (  — 1||     )      symbol.    Onl^  use  the  OHM 

portion  of  the  multimeter  to  check  the  sensor  and  the  sensor 
circuit. 

Caution:    All  power  to  the  trainer  rn^ist  be  OFF  before  you  use 
the  milltimete/  as  an  OBMKETER  to  cheTfc  a  circuit. 

f.  Turn  the  sansor  simulator  rheostat  full  ^OUlTTERCLOCKWISE 
This  simu'^^tes  a  decrease  in  air  temperature.    A  signal  is  sent  by  the 
rheostat  to  the  temperature  control  assembly  demanding  hot  air*  'ihis 
will  cause  the  ROT  transistorji  to  conduct. 

g.  wTse  the  trainer^iagram  to  trace  the  HOT  circuit  from 
pin  M  of  the  temperature  control  assembl:'  to  pin  A  of  the  bypass  valve. 

h.  Check  the  voltage  at  pin  A  of  the  turbine  bypass  valve 
.  checkpoint.    The  voltage  should  be  between  24  to  28  volts.    Did  you 
\9get  the  cotrrect  voltage  reading?  ^ 

i.  Return  sensor  simulator  to  normal  position. 
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2>  There  ere  12  malfunctions  for  you  to  troublashoot.  The 
trouble  switch  you  ere  to  use  for  ea*.h  problem  is  id-sntif ied  on  the 
Troubleshooting  Response  Sheet. 

3.  For  each  problem,  perform  an  operational  check  to  find  cut 
which  component  is  malfunctioning.    Enter  a  description  of  the  aal- 
tunction  in  the  discrepancy  block  of  the  troubleshooting  response 
sheet • 

4.  Trace  the  electrical  circuits  that  operate  or  control  the 
malf  unc  t  ion  in^compo  nen  t . 

5.  Use  the  multimeter  to  locate  the  cause  of  the  trouble. 

6.  ^.nter  in  the  dlscrk.pancy  block  of  the  Trouble^rfhooting 
Response  Saeet  a  description  of  the  cause  of  the  malfu^^i^on. 

7.  The  first  troubleVill  be  analyzed  and  solved  with  you. 
You  will  do  the  rest  of  the  troubles  on  your  own. 

a.  Place  trouble  switch  number  1  to  the  IN  position. 

b.  Perform  an  operattcnal  check  using  the  chart  in  figure  2 

u.  you  went  through  the  operaclunal  check,  yuu  should 

have  found  that  the  turbirB<J>ypass  valve  did  not  operate. 


d.  Make  the  following  statement  in  the  discrepancy  block 
of  the  Troubleshooting  Response  Sheet  foy Trouble  Switch  Number  1  NOW. 

"Turbine  bypass  u^Ive  did  not  operate" 

e.  Since  the  bypas^valve  will  not  operate  to  either 
position,  the  trouble  must  be /on  a  wire  or  component  that  Ij  common 
to  both  the  hot  and  cold  c^cuits.    Which  electrical  circuit  would 

cause  this  problem?  The  DC  and  AC  power  supply  circuits.  Use 

the  trainer  diagram  to  trace  the  AC  and  DC  power  supply  circuits  from 
the  circuit  breaker  to  the  temperature  control  assei&bly. 

f .  Check  the  DC  power  supply  circuit  with  the  multimeter. 
You  should  get  a  voltage  reading. 

g.  Check  the  AC  powet  supply  circuit.    You  did  not  get 
a  reading,  did  you?    This  means  there  Is  an  open   ,n  wire  H53A20. 

h.  Make  the  following  statement  in  the  malfunction  cause 
block  of  the  Troubleshooting  Response  Sheet  for  Trouble  Switch 
Number  i  m^. 

"Open  In  wire  ii53A20" 

1.      Place  trouble  switch  number  1  to  the  OUT  position  and 
continue  with  problems  2  through  12.    Use  the  Troubleshooting  Response 
Sheet  to  record  the  ma3  function  and  aalf unction  cause  for  each  problem. 

.0  2b» 


8.     The  lab  luatructcJrTTill  ccmstantlY,  be  evaluating  your  pragresa. 
After  you  have  conrpleCfe^  thia  troubleahooti^  aection  chock  your  answers 
with  the  lab  lni9tructo«.  ' 

The  correct  responaea  to  the  lopation  and  IdentlCicA^ion  of 
ayatem  donponenta:  \ 

(1)  Bleed  Air  Preaaure  Regtxlatoi  and  Shutoff  Valve. 

(2)  Ground  Cooling  Ejector  Shutoff  Valve. 

(3)  Turbine  Bypaaa  Valve. 

(4)  Temperature  Senaor. 

(5)  Te]iq)erature  Limit^r. 

(6)  Te]q)erature  Control  Aaaen^ly. 

(7)  Altitude  Preaaure  Switch^ 

(8)  Ram  Air  Valve.  \ 

(9)  Landing  Gear  Handle. 

The  correct  reaponaes  to  Trainer  Operation. 


\ 


STEP  1. 

a.  (l)  cloaea 
(2)  opena 

b.  (l)l  opens 
(2)  xcloses 

STEP  2. 

a.  cloaea 

b .  cpena 

STEP  3. 

a.  closes 
b  opons 

STEP  4. 

a.(l)    cloaea  )  f  ^ 

(2)  opens 
(3J  on 


b .  no  -V 

c.  (l)    op^as  V 

(2)  closes  ^  ^ 

(3)  off 

If  your  answera  do  not  agree»  check  with  your  instructor.  If 
your  answers  agree,  then  the  trainer  is  operating  properly. 
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FOREWORD 


This  programed  text  was  prepared  for  use  in  the  3ABR42331» 
Aircraft  Environmental  Systems  Mechanic  Course.    The  materials  herein 
vera  validated  with  students  from  the  subject  course.    At  least  90% 
of  the  students  achieved  or  surpassed  the  criteria  established  in  the 
objectives.    The  avernge  time  for  completion  of  this  text  was  6  hours. 

OBJECTIVES 

Associate  the  name  of  the  controls  on  the  Temperature  Control 
System  Tester  (AN/PSM-21)  with  its  purpose/function  with  a  minimum 
of  80Z  accuracy. 

INSTRUCTIONS 

This  programmed  text  presents  information  and  procedures  in  small 
steps  called  frames.    Within  each  frame,  you  will  be  directed  to  com- 
plete some  statements  or  answer  questions.    Read  the  material  presented, 
then  respond  on  the  response  sheet.    DO  NOT  MARK  IN  THIS  TEXI^  After 
you  have  made  your  response,  compare  your  answers  with  the  correct 
answers  given  on  the  top  of  the  next  frame,  or  as  otherwise  noted. 
If  your  answer  is  incorrect^  restudy  the  frame  to  get  the  inforaatioa 
correct.    If  necessary,  you  may  gc  back  to  check  inforaation  previously 
given,  but  do  not  skip  ahead. 


Supersedes  3ABR42231-PT-204,  29  July  19  74. 
OPR:  3370TTG 
DISTRIBUTION:  X 

3370TrGTC  -  300;  TIVSR  -  1 
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Frame  1 

During  this  lesson  you  will  be  using  the  AN/PSM-21A  air  conditioning 
system  tester  to  perform  an  analysis  of  a  fighter  type  -aircraft  air  con- 
ditioning system.    The  AN/PSM-21A  is  designed  for  use  on  the  F4  type 
aircraft  only.    There  are,  however,  several  different  air  conditioning 
system  testers  used  in  the  Air  Force.    They  are  usually  designed  for  use'~^ 
on  one  specific  type  of  aircraft.    The  use  and  general  operating  procedure 
are  similar  on  all  of  them.    By  learning  to  use  the  AN/PSM-21A  tester  you 
will  have  a  general  understanding  of  system  testers.    By  following  in- 
structions given  in  the  technical  order,  you  should  be  able  to  use  this 
and  other  system  testers. 

ConJplete  the  following  statements. 

1.  The  air  conditioning  system  tester  used  on  the  F4  type  aircraft 
is  the  AN/  . 

2.  When  using  an  air  conditioning  system  tester,  you  should  always 
follow  the  instructions  given  in  the  applicable     
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C05UUECT  RESPONSES  TO  FRAME  1:     1.    AN/PSM--2U         2.    Technical  Order. 


Open  the  foldout  at  the  back  of  this  text.    This  foldout  shows  an 
Illustration  of  the  AN/PSM-21A  tester.    This  tester  is  used  for  performing 
a  checkout,  or  troubleshooting  the  temperature  control  systems  on  the  F4 
type  aircraft.    The  tester  will  check  the  operation  of  the  tejnperature 
control  unite  in  either  the  cabin  or  equipment  air  conditioning  system. 
The  tester  can  be  used  to  check  the  complete  temperature  control  system  at 
the  aircraft.         can  also  be  used  in  the  shop  to  bench  check  and  repair 
each  individual  component. 

Complete  the  following  statements. 

1.      The  AN/PSM-21A  tester  car  be  used  to  check  the   ^  system, 

and  the    system. 


Frame  2 


The  AN/PSM-21A  tester  can  be  used  to  bench  ch**ck  the  cabin 


temperature 


or  the  equipment  system 


control  assembly. 
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CORRECT  RESPONSES  TO  FRAME  2:     1.     cabin  equipment       2.    control  panel 

Frame  3 

The  cabin  temperature  control  system  units  can  be  checked'  using  the 

tester  at  the  aircraft.    The  purpose  of  each  check  is  given  for  each  unit. 

c 


1.  CaBln  Temperature  Control  Panel 

This  unit  is  checked  for  a  signal  oucput  from  the  cabin  magnetic 
amplifier  section  to  the  cabin  duAl  temperature  mixing  valve.    The  signal 
output  is  based  ot^  signals  applied  to  che  bridge  circuit  by  a  rheostat  which 
is  part  of  the  tester.    This  rheostat  sinailates  the  cabin  temperature  sensor. 

2.  Cabin  Temperature  Sensor 

This  unit  is  checked  for  proper  resistance  in  relation  to  ambient 
temperature. 

3 .  Cabin  Dual  Temperature  Mixing  Valve 

The  tester  checks  tlie  valve  motor  foif  operation  and  the  valve  for^ 
full  trave*.        '  >  * 

Complete  the  following  statements. 

*  « 

•  1.      Increasing  or  decreasing  the  resistance  in  one  leg  of  the  cabin 
bridge  circuit  will  cause  a  signal  through 'the  magnetic  aiiq)lifier  to  be  sent 
to  the  cabin 


2,      Changes  in  resistance  in  the  bridge  are  simulated  by  a 
on  th^  tester. 


3.      Thft  cabin  temperature  sensor  is  checked  for  proper 


CORRECT  RESPONSES  TO  FRAME  3:  !•  dual  temperatur^  mixing  valve 
2,    rheostat       3.  resistance. 


Frame  4 

The  equipment  alz  conditioning  system  units  can  be  checked  at  the^  * 
aircraft  using  the  tester  checks  for  each  of  ^he  following  units.  The 
purpose  of  each  check  Is  given  for  each  ^lilt, 

1*      Temperature^ Control  Assembly 

This  unit  Is  checked  for  proper  signal  output  frc^  the  magnetic 
,  amplifier  to  the  turbine  bypass  valve  (temperature  control  valve).  The 
tester  rheos^t  simulates  the  equipment  temperature  sensoj:.    When  the 
resistance  in  the  bridge  is  changed  with  the  rheostat,  a  signal  is  sent 
through  the  temperature  control  assembly  to  the  turbine  bypass  valve. 

i.  Temperaturer^Sensor 

4 

This  unit  is  checked  for  proper  resistance  in  relation  lo 
ambient  temperature. 

3.      Turbine  Bypass  Valve 

The  tester  checks  the  valve  motor  for  operation  and  the  valve 
for  full  travel. 

Complete  the  following  statementis.  '  ^ 

1,  The  AN/PSM-21A  checks  the  equipment  temperatuire  control  assembly 
for  proper   j  output. 

2.  When  checking  the  equipment  ^air  ^conditioning  sy stein  at  the 
aircraft  with  the  *AN/PSM-21A,  the  turblnie  jbypass  vai<ve  is  checked  for 
  operation  and  full  travel. 
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CORRECT  RESPONSES  TO  FRAME  4:     1,    signal      *  2,  motor. 


Note:    Before  operating  the  tester  you  need,  to  be  familiar  with  the 
controls  that  you  will.be'  uaihg.    Use  the  sketch  shown  in  figure  on 
page  17  to  complete  Frames  5  through  13.    Observe  th^  name  of  the 
item  given  at  the  beginning  of  each  frame,  then  find  the  item  in  the 
sketch,    ^ext  read  the  information  given  and  complete  the  statements • 
The  answers  to  this  group  of  flames  are  given  on  the  page  following 
Frame  13. 

Frame  5 

,AC  AND  DC  AIRCRAFT  POWER  LIGHTS 

1.      One  light  is  marked    VAC  and  one  light  is  marked 

  VDC,    These  lights  indicate  when  electrical  power  is  available 


to  the  tester, , 

Frame  6 

SELECTOR  SWITCH  SI  .  v 

1,      The  two  positions  of  this  selector  switch  are  marked 


sysdem  and   ^         system.    This  switch  is  used  to  select  uhe  system 

being  tested. 

Frame  7 

SELECTOR  SWITCH  S2  . 

1,      Tha  two  positiona,^^  this  selector  switch  are  marked  


  -   and       ,  This 

switch  is  used  to  connect  the  sensor  simulator  to  the  riystem  being  tested. 


Frame  8 

SELECTOR  SWITCH  S3  »  , 
1.      The  two  positions  of  this  selector  switch  are  marked 


and    '   .    This  switch  Is  used  to  selact 


the  altitude  range  when  testing  the  equipment  air  conditioning  syjtem. 
Frame  ^ 

SENSOk  S^JfULATOR  J 

1.  This  is  a  potentiometer  (rheostat)  that  is  used  to  simulate  the  temperature 
sensor.    With. this  potentiometer  you  can  apply  various  resistmice  values  to < 

the  bridge  circuit.    The  ranges  of  this  potentiometer  are  marked  i  

and  J  . 

Frame  vi 

RESISTANCE  MCNITOR 

^     '  >^  • 

The  resistance  monitor  includes  two  push  button  switches  marked  SENSOR 
and  LIMITER  and  two  connecting  points  for  the  AN/PSM-0  multimeter  leads. 
These  are  marked  TPS  and  TP6.     (t?  means  test  point,)    When  .esting  the  system 
you  cotinect  the  multimeter  leads  to  TPS  and  TP6,    Then^by  pressing  the  sv^.ch 
marked  SENSOR  you  can  read  thf  resistance  of  the  SENSOR  SIMULATOR. 

Note:    This  does  not  check  the  resistanpe  of  the  actual  sensor.    This^^  \ 
indicat(es  how  ^uch  resistance  is  required  to  obtain  a  cold  or  hot 
^ignal.\ 

P  r 

1.  To  obtain  a  cold  signal  you  would  have  to  ^  (increase/decrease) 

r&^ilstance. 

2.  When  checking  the  system,  with  the  multimeter  leads  connect'^d  to  test 
points  TPS  and  ,TP6,  the  resistance  indicated  on  the^meter  is  the  resistance 
of  the  ^  , 


8 


3t/ 


Frame  11 


AMP  OUTPUT  LIGHTS  (Aopllfitr  output  li  hts)  .         .   •  .  ^ 

li^^  There  aife  four  aavlifier  output  lights.    They  are  marlced  

" ^    ,   '  r  r:  '  s  Tr»ae  lights  indicate  the  signal 

output  f,roin  t^e  cabin  temperature  control  panel  or  the  equipment  system  tempera- 
ture control  aisenbly,  depending  on  which  system  you  are  checking.    These  lights 
will  also  indicate  vaive  operation  by  indicating  when  th^'valve  has  reached  * 
full  t^a^el.    DSl  and  DS2  are  used  whin  checking  the  cabin  or  ^equipment  all* 
conditioning,  systems.    The  lightH  will  pulse  or  bum  steadily.    This  is  actually 
the  signal  received  irom  *he  Cemper^re . cental  assembly.    While  the  valve 
Is  in  travel,  both  lights  will  be  o^.    When  the  valve  reaches  full  travel  one 
light  will  stay  on  ana  the  other  will  be  out.    When  Checking  the  system  tbii  ^ 
is  how  you  can  tell  if  the  valve  is  running  from  full  travel  hot  tl  full  tral^el" 
cold. 


Note:    DS3'and  DS4  are  used  when  checking  the  suit  system.  This 
system  is  no  longer  In  use  therefore  you  will  not  be  using  .these  >^ 
lights.  _  ^  ^ 


2.  The  signal  output  from  the  cabin  magnetic  amplifier  and  an  indication 
of  full  travel  of  the  cabin  dual  temperature  mixing  valve  will  be  indicated 
by  lights    and   *  *  -  .  y  ' 

3.  Th^  signal  output  from  the  equipment  temperature  (;pntrol  assembly  and 
an  indication  of  full  travel  of  the  equipment  system  bypass  valve  will  be 
indicated  by  lights    and  .  * 
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Frame  12         -       '  .  -  . 

^ SENSOR  TPl,  TP2.  T?3^,  TP4 

Test  points  TP3  W  TP4  are  'used  when  testing  the  cabin  temperature 
sensor  for  correct  resistance.    When  the*  AN/PSM-6  multimeter  leads  are 
inserted  in  j:ne  t.est  points,  the  resistance  of  the  sensor  is  read  on  thf^ 
multimeter.    When  connected  the  tester  isolates  the  sensor.    This  meaiins 
you  can  test  the  resistance  of  the  .sensor  without  turning  pff  the  systeni. 
TPi  and  TP2  are  used  when  checking  the  resistance  of^  tl\,e  equipment  system 
temperature  sensor.  ^     ^  , 

1.      With  switch  SI  in  the  CABIN  SYSTEM  position,  and  the  multimeter  leaks 
in  test  points  TP '3  ^nd  *iT4,  ycu  will  be  reading  the  resistance  of  the 
   Sensor  ot^  tne  multimeter. 

Note:    Switch  SI  has  no  EQ.UIPMENT  SYSTEM  position.    So,  you  cannot 
put  your  multimeter  leads  into  TP3,  TP4,  TP5  or  TP4  to  xheck  the  . 
equipment  system  sensor.    Therefore,  SI  will  remain  in  tuc  cabin 
system  position  when  you  use' TPl  and  TP?^to  check  the  equipment 
system  sensor  in  che  TPl  and  #P2  chedc  points. 


SELECTOR  SWITCH  ^6 

/  '  ^  ' 

Later  in  this  text,  wnen  you  ^e  actually  using  the  te5ter,  th^ 

technical  order  instruction  charts  refer  to  this  switch  as  the  EXTERNAL 

MEIER  pwitch.    Although  this  switch^is  not  marked  with  this  nomenclature, 

we  will  use  this  name  when  re'f erring  to  this  switch. 

1,  The  three  po£?itions  of  this  switch  are  marked      -   -  *  , 

ana   ^_    ■   .    During  normal  checkout  procedures  of  the 

system,  this  switch  will  remain  OF?l>   It  is  planed  to  the' FLT  LINE  position 
only  when  checkiAg  sensor  r^sist^nce  through  test  points  TPl,  TP2,  TP3  and 
TP4.    It  ia  spring  loaded»  away- fMm  the  FLT  LINE  position,    When  checking 
sensor  resistance  it  mu&t  be  fieldSo  the  FLX  LINE  position.    The  switch 
can  only  be  held  to  this  position  for^  maximum  of  4  seconds.    The  BENCH 
position  is  used  when  beiich  testing  the  temperature  control  .assemblie::  in 
th'e  shop.  _Lt^is  not  ne*cessary  to  hold^  the  switch  to  the  BENCH  position 

as  it  is  net  spring  Irf.-'ided  away  from  this  position,  ^  \ 

* 

2.  The  external  meter  switch  is  used  when  checking    resistance, 

3;  ^  The  external  .m^ter  switch  u-hould  not  be  held  in  thje  FLT  LINE  position 
for  more  than  •  . 
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CORRECT  RESPONSES  TO  FRAMES  5  through  13/  ' 


Frame  5. 
Frame  6. 
Fram^  7. 
Frame  8. 
F?atte^  9 . 


1.    115  VAC 


28  VDC. 


1.    CABIH-  SYSTEM  '     SUIT  SYSTEM, 
1.    CABIN  TEMP  SIMULATED       SUIT  TEMP  SIMULATED. 
Jk.    ABPyE  25>0Q0  FT  SIMULATED       BELOW  25^,000  FT  SIMULATED, 
1.    COLD'      HOT,  ' 

Is"^  decrease  '     2.    sensor  siraulacor, 

.   5    -p-   

Frame  11,^    .1.^  |S1*  .£S2,  DS3,  DSA, 

DSl  and  DS2,  '  *  ^ 

3\    m  aati  DS2. 
\Frame  12,      1.  "  cabtn  temperature. 
Frame  .13.      1.    BENCH,  OFF,  FLT  LINE. 


Frame  10 


2.  sensor, 

3,  seconds. 


Frame  14 


Special  cables  are  used 'to  connect  the  tester  to  the .temperature  control 
assemblies  and  to  the  aircraft  wiring.    The  figure  shows  the  cable  used^hen 
testing  the  cabin  temperature  control* system.    The  cable  has  three  straight 
AN  connectors  marked  PI,  P2,  and  Jl,    The  large  connector  (PI)  connects/to  • 
the  t^est  set  at  the  point  marked  AMPLIFIER  CONTROL.    Connect;(yr  Jl  connects 
to  the  aircraft  ;iring  connector,    P2  connects. to  the  cabin  temperature 
control  panel.  ^ 


wa  INTfiCONNlCT  CAtH— ' 

PI  TO  Ali  CONOITIONINO  \^ 
SYSTlM/fUNCTlOWAl  TIST  SCT-H^^T 


4 


J 


Complete  the  following  statements.- 

1.      The  cable  connects  to  th-    tester,  the  aircraft  v  "^.ring  harness 


and  the  temperature 


ERIC 


12 


/ 


CORRECT -JffiS^PONSES  TO  FRAME  14:    1.    contro]  panel. 
.  -  .        •  .  Frame  15 

V  ^  •  ,  .  \ 

A  separate  cable  1$  used  when  checking  the  equipment  temperature 
control  system.    This  cable  is  shown  in  the  figure.    This  cable  has  two 
straight  AN  connectors  (PI  and  Jl)  and  one  L  shaped  AN  connector  (P^) . 
The  large  connector  (PI)  connects  to  the  test  set  at  the  point  marked 
AMPLIFIER  CONTROL.    The  ^  shaped  connector  (P2)  connects , to  th^  equipn^ent 
temperature  control  assembly.    Connector  Jl  connects  to* the  aircraft 
wiring. 


Ata  CONOtTiONtNO 
SYSTIM  TIST  %%f 


TiMPflATUII  CONTlOl^'^i*' 
ASSfflLY  4aAI^ 


1 


AtlClAM  WIIIHO 

1 


12110 


W1  tNTIICONNICr 
CAIll 


TO  Jl  ON  All 
CONOmONING 
SYSTIM  TIST  SIT 


Complete  the  following  statements.  ^ 

1|     4ifhen  'testing  either  the  cabin  or  equipment  system,  the  AN 
connector  marked  PI  is  connected  to  the  tester  at' the  point  marked  _ 


The  AN  connectdt  marked  Jl  of  the  test  cable  is  connected  to  the 


3.      The  notable  difference  between  the  dable  used  for  testing  the  caWn 
system  and  the  cable  used  for  testing  the  equipment  system  is  t|}e  L  shaped 
^    system  cable.  .       j  ^ 

295         ■  • 


cu.xnector  on  the 


i 

CORRECT  RESPONSES  TO  FRAME  15.     1^    amplifier  control      2.     aircraft  wiring 

3.     equipment*  ^ 

Frame  16  ^       , .  - 

^  Before  you  use  the  AN/PSM-21A  to  test. the  F4  aircraft  air*  conditioning, 

system  It's  necessary  that  you  Income,  familiar  with  some  of  the  differences 
In  models  of  this  aircraft.    The  original  temperature  control  assemblies 
used  on  the  F4  ali^craft  consisted  of  magnetic  amplifier  controlled  relays. 
The  relays  directed  electrical  current  to  the  temperature  control  valve. 
The  valve  is  identified  as  a  cabin  dual  temperature  mixing  valve,  ,or  Sin  * 
equipment  system  bypass 'valve.    On  the  later  model  F4  aircraft,  and^on 
some  of  the  ear^i^r  models  che -temperature  assemblies  have  been  modified. 
The  modified  assemblies  have  magnetic  amplifier  controlled  transistors. 
The  transistors  direct  current  to  the  temperature  control  valves.  Remember, 
a  transistor  can  be  used  to  serve  the  same  purposar'as*  a  relay.  ^ 

Two  types^of  temperature  control  valves  are  used.    One  has  the  relay 
type  temperature  control  assemb?.ies.    The  iDfther  has  transi^lror  type 
temperature  contro^  assemblies.' 

The  procedures  for  using  the  tester  are  different  for  the  two  types 
of,9ysteos.    It' is  important  that  you  determine  which  type  of  temperature 

^  control  asseihbly  and  valve  you  are  testing.   ,This  is  real  easy  to  determine- 

The  relay  type  assemblies  are  black.    The  valve  xised  with  this  system  has 

>  a  black  motor.  The  transistor  type  assemblies  and  motors  are  white. 

Complete  the  following  statements. 
*        1.      Th^^^perature  control  assemblies  used  on  the  F4  aircraft  use 

4 

either  relays  or  ^         .  to  direct  electrical  current  to  the 


temperature  (mixing)  valves. 

^        *  j 

2.      The  r  ansistor  type  temperature  control  assemblies  §re  colored 


ERIC 
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CORRECT  RESPONSES  TO  FRAME  16:    1.  cransistors 


white 


Frame  17 

Match  the  units  listed  In  column  "B"  wl?h  the  statements  given  In 
column  "A"  by  placing  the  letter  from  column  "3"  In  the  blauks  provided. 


columS  a 

T 

_1.    Indicates  how  much  resistant  Is 
required  to  obtain  a  cold  or  hot 
signal,  from  the*  tetoperatute 
control  panel. 

_2.    Rheostat  used. to  simulate  the 
temperature  sensor. 

_3.    Used  when  testing  the  equipment 
temperature  sensor  for  correct 
resistance  readings. 

_A.    Indicates  when  115V  AC  power  is 
available.  ^ 

_5.    Used  to  select  the  system  being 
tested.    Cabin  or  Suit  System. 

_6.    Used  only  when  cnecklng  sensor 
res^atance  through  Test  Points" 
TPl,  TP2,  TP3,  and  TfA. 

_7.    ^sed  to^connect  the  sensor 

simulator  to  the  sysjcero  bSlng 
tested. 

__8,.    Indicates  28V  DC  'power  is 
available. 

_9.    Used  to  select  the  altitude 

range  when  testing  the  Equipment 
Air  Conditioning  System.  ' 


^10.    Indicates  the  signal  output  from 

the  Cabin  or  Equipment  ^mperature 
.Control  ^semblies". 

^11.    Test  points  used' when  testing  the 
syetems  and  using  the  resistance 
monitor* 


12. 


COLUMN  B 

A?  AC  Light 

B.  Selector  Switcn  S3 

C.  Aiap  Output  Lights 

D.  '  TPS  ajid  TP6 

4 

£*  Resistance  Monitor 

F.  SLelector  Switch  S6 

G.  Selector  Switch  S2 
Hv  DC  Light, 

'I.  Sensor  TPl  and  TP2 

J.  Sensor  Simulator 

K.  Selector  Switch  SI 

L.  Sensoi  TP3  and  -TPA, 


Used  when  testing  the  cab/ln 
temperature  sensor  for  correct 
resistance  readings.  ^ 


15 
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CORSECT  RESPONSES  TO  FRAME  17:         1.  E 

•                             2.-  J 

3.  I 

^                                       4.  A 

J.  K 

6.  F 

"7.  G 

8.'  H  . 

9. 

10.  C 


•16 

\ 


'  Jr 


® 


®  '  ®  @ 

/>^^l2f    "^'il-r^^^'^  r.T   LIMITER  SIMULATOR 

SENSOR  .  .  LIMITER 

I  RESISTANCE  MONITOR  J 

TP7         TP8        GND'    .    TP9  TPIO 

,o  o  o  o  o, 

OSCILLOSCOPE  ^  1 


<ABIN  CABiN  TEMP.  ABOV^  25,000  FT 
SYSTEM      SIMULATED  SIMULATED 


SI 


JI 

AMPLIFIER 
CONTROL 


SU 
SYS 


IIT         SUIT  TEMP.   BELOW  25.000  FT  lij 

TEM    Simulated    ,  simulated  F.ro-i 


AMP.  OUTPUT 


dsi 


.DS3. _ 


® 
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AIR  CONDITIONING  SYSTEM 
TEST.  SET  AN/PSM.21A 


RESPONSE  SHEET  3AaR4233i-PT-204 
TEMPERATURE  CONTROL  SYSTEM  TESTER 
Frame  1  Frame  6  Frame  11 


i. 

r 


2. 


Frame  2 


1.  ^ 


2. 

3. 


1. 


1. 


Frime  7 


1. 


Frame  3  Frame  8 

1.  1. 


Frame  4  Frame  9 
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2.  ^ 


3. 


Frame  12 


1. 


Frame  13 
1. 


2. 
3. 


2-      ,  Frame  14 

Frame  5  Frame  10  1-   . 

1.    1.  '    

2. 


» 


15  Frame  16 

1.   *  1. 


2. 


2. 


RESPONSE  SHEET  3ABR42331-PT-204 


Frame 


1. 

2. 

3.- 
.  4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 


» 


1 


^0^ 


J 
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WORKBOOK 
3ABR42331-WU-204 


Technical  Tralaing 


Aircraft  Envirc^ofental  Systems  Mechanic 


TBIPERATURE  CONTROL  SYSTEM  TESTING 


24  February  1977 


USAF  SCHOOL  OF  APPLIED  AEROSPACE  SCIiaJCES 
3370th  Technical  Training  Group 
ChanuCe  Air  Force  Base,  Illinois 
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EnvlroiUMntal  Pneudraullc  Branch 
Chaiosta  AFB,  II.  ^iioia^ 


3ABR42331t.WB-204  ^ 


OBJECTIVE 


TEMPERATURE  CONTROL  SYSTEM  .TESTER 

4 


Using  a  tasparature  control  taatar  and  multimetar,  parf oru  an 
operational  <chack  and  troublaahoot  tha  cabin  nnd  aquipoant  air  conditioning 
aTftatta  trainar,  corractly  locating  3  out  of  4  of  tha  assigned  trouble^>. 


EQUIPMENT 


Taatar  AH/?SMt^,  Tenparfture  ^ 

Control  Syataii 
Trainar  3305,  Fighter  Air 

Condi. xoning  System 
Multimeter 


Basis  of  Issue 

1/2  students 

1/2  students 
1/student 


INFORMATION 

Ffrforming  an  operational  analysis  (checkout)  of  the  system 
requires  that  you  uaa ' a  <XECICOUT  PROCE0URE  CHART.    There  is  a  chart 
for  the  cabin  syatem  and  one  for  .the  equipment  system.    The  laboratory 
instructor  will  assign  you  the  proper  chart  at  the  work  station. 
4x>ok  at  hov  the  charts  are  arranged^  and^  leanr  how  to  follow  the 
lustructions.    Btlow  is  a  typical  chart  for  the  cabin  system. 


4 


PROCEDURE 

NORMAL  INDICATIOK 

#' 

REMEDY  FOR 
ABNORMAL  'INDICATION 

3.    TEMPERATURE  CONTROL  PANEL  FOOT  HEAT  CHECK 

a«    Place  switch  SI  to 

CABIN  SYSTEM  position. 

b.    Place  switch  S2  to 
CABIN  TEMF  SIMULATED 
poaition. 

c.  Place  switch  §3  to 
BELOW  25,000  FT  SIMULATED 
position.  ^ 

d.  Set  tha  SENSOR 
SIMULATOR  to  HOT. 

Suparsedas  3ABR422ii-WB*204, 
OPR:    3370  TTG 
DISTRIBUTION:  X 

3370  TTGTC  -  300;  TTVSR  - 

^  1  August  1974. 
1  ' 
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e.    Set  tUtt  FOOT  HEAT/       Aiff  OUTPUT  lamp  ISl    .  Replsce  the  tempera- 

DEFOG  Uv«r  to  the  FOOX           cows  ON  and  DS2  lamp  ture  control  panel. 

HEAT  poeltioa.              ?           goes  OUT.  ^ 

I                The  cabin  diial  temp*  •  Replace  the  cabin 

erattibe  nixing  valve  diial  temperature 

pointer  mavea  to  th^  .  mixing  valve.  * 
OPEN  position. 


The  chart- is  divided  into  three  sections;    PKDCEDU?E,  NORMAL  INDI- 
CATICMC,  and  REMEDY  FOR  ABNORMAL  INDICATION,    To  ^e  the  '^hart  start 
at  the  top  and  read  frop  le£t  to  ri^t.    Place  the, appropriate  switches 
in  the  positiou  designated  and  observe  for  normal  indications .    Ex-  .  ^ 
ample:    start^y  placing  switches  SI  to  CABIN  SYSTEM  poeltlor(  and  SZ- 
to  the  CABQi  TEMP  SIMULATED  position.    Switch  S3  is  i&ved  to  the 
BElJLOtf  25,000  FT  SIMULATED /position.    Then  set  the^^ENSOR  SIMH-ATOR  ^ 
to  HOT  and  the  FOOT  HEAT/DHIOG  to  th^  FOOT  H?AT  position.  Tl/eiaormal 
indicetiOQ^^oiild  be,  AMP  duTPUT  lamp  DSl  comes,  on  and  DS2  lamp  gifsr 
OUT.    The  cabin  dual  tempfi^ature  mixing  valve  pointer  moves  to  the 
0/EN  POSITION.    Column  th/ee  states  a  remedy  for  any  abnormal  indi- 
cation.   This  prbcedure^  followed  throughout  the  complete  checkout. 

Complete  the  fq^owing  statements. 

1.  When  performing  the  steps  of  the  sample  checkout,  switch  SI 

should  be  iroved  to  the       .  position;  switfai  S2  to 

the  -      position,  and  switcK  S3  to  the  ^ 

^   ^  position. 

2.  VHien  performing  the  temperature  Control  panel  foot  heat 
check  the  FOOT  HEAI/DEFOG  levpr  should  be  placed  ip^  tha 

— position. 

3.  Column  three  shows  a  for  any  - 

PROCEDURE 

Remove  your  jewelry  and  report  to  the  laboratory  instructor. 
The  instructor  will  provide  the  necessary  test  equipmeiit  and  assign 
you  to  a  trainer.    You  will  be  directed  to  perform  an  analysis  of 
either  a  CABIN  SYSTEM  or  an  EQUIPMENT  SYSTEM.  j 

If  you  ere  assigned  to  test  the  CABIN  SYSTEM ^se  the  checkout 
procedure  chart  given  in  SECTION /I,  Page  5^*   The ^eckout  procedure 
chart  given  in  SECTION  11,  Page  £  is  used  to  tesf  the  EQUIPMENT  SYSTEM. 
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.  Vh«n  using  th*  SEMSOR  SIMULiTOR  to  obtain  specific  resistance 
vaj^iec,  MOVE  IT  VERY  SLOWLY.  This  unit  Is  very  sensitive;  a  small 
nyvraent  will  cause  a  large  change  In  resistance.. 

CORRECT  ^^SMHSLS  TO  STATEMEI^S:      1.    CAgIN  SYSTEM  , 

CABIN  TEMP  SIMULATED 

,  *       BELOvT 25,000  FT  SIMULATED 

.     .        2.  FOOTHEAI. 

3.    REMEDY >  ABNOPIAL  INDICATION 


N 


7 


SECTION  I 
Cabin  System 


.  PRDCEDimE 


1,  PREPARATION 

a.  Connect  the  test^^et 
cable  W2  to  the  trainer  wir- 
ing and  temperature  control 
panel • 

b.  Connect  the  malti- 
oeter  to  test  set  TPS  and 
TP6  jacks. 

c.  Set  the  FOOT  HEAT/ 
DEFOG  lever  to  the  DEFOG 
position. 

d*    Set  the  temperature 
control  panel  AUTO/MANUAL 
swijtch       the  OFF  positions  \ 

e-    Apply  external 
electrical  power  to  the 
trainer. 

f.    Senaor  simulator 
in  '•mid-position." 


NORMAL  INDICATION 


REMEDY  FOR 
ABNORMAL  INDICATION 


Note:  Lights  iJhich  glow  dimly  or  flicker  faintly  when  specified  as 
OUT,  dcunot  indicate  a  malfunction. 

2.    TEMPERATURE  CONTj^L^ANEL  DEFOG  CHECK 


a.    Set  and  hold  the 
temperature  control  panel 
ADTO/MANUAI  witch  to  the 
HOT  poaitic**. 


a.    Test  set  DS2  11^]: 
comes  ON  and  D31  li^t  re- 
mains OUT. 


Cabin  dual  tenperatux 
ml-ri"^  valve  poiuter  ^ 
moves  CO  the*  CLOSE 
position. 

(Look  at  indicate^  on 
valve*) 


xe 


a.    Replace  the  tem- 
perature control 
panel. 

Replace  the  cabin 
dual  temperature 
mixing  valve. 


\ 
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b.-   Sttjjand  hold  tha 
ACTO/MANUAL  switch  to  the 
COLD  position. 


,c.    Set  th^  AOTO/MAN- 
ual  switch  to  the  AUTO. J 
poslt^a  md  the  tempera- 
ture control  selector  to 
the  HOT  position. 

d.  Set  the  test  switches 
sod  controls  as  follows: 

^  SI  CABIN  SYSTEM 

52  CABIH  TEMP  SIMDLATED 

53  ABOVE  25,000  FT 
SIMULATED 


e.    Press  the  test  set 
RSf  ISTANCE  MONITOR  SENSOR 
switch  and  adjust  tiie  SEN- 
SOR SIHOLATOR  until  the 
au4.tlneter  reads  240  ohms. 

£.    Increase  the  SEN- 
SOR SIMULATOR  until  DS2 
light  starts  to  PULSt. 


b.    Test  set  DS2  light 
goes  OUT  and  DSl  light 
comes  ON. 

Cabin  dual  temperature 
mixing  valve  pointer  moves 
to  the  OPEN  position. 


/ 

d.  Test  set  DSl  light 
gbesOUT  and  DS2  light  comes 
ON. 

{ 

Cabin  dual  nempe^rature 
mixing  valve  pointer  moves 
to  the  CLOSED  position. 

e.  DS2  light  remains 
OUT  and  DSl  light  remains 
OUT  or  PULSING. 


^  f .  Mu^imeter  reads 
255  to  ,210  ohms , 


g..  Increase  the  SEN- 
SOR SIMULATOR  until  DS2 
light  comes  OH  STEADY. 


g.    Cabin  dual  tempera- 
ture mixing  valve  pointer 
moves  to  the  CLOSED 
position. 


h.    Press  the  RESIS- 
TANCE MONITOR  SENSOR  switch 
and  decrease  the  SENSoi 
SIMULATOR  until  the  multi- 
meter read^  300  ohms. 

1.    Decrease  the  SEN- 
SOR SIMULATOR  until  the  DSl 
light  starts  to  PULSE. 


h.  DSl  light  remains 
OUT  and  DS2  li£!:it  remains 
OUT  or  PULSI»e. 


1.  Multimeter  reads 
235  to  295  ohms. 


b.  Replace  the 
temperature  control 
panel . 

Replace  the  cabin 
dual  temperature 
mixing  valve. 


d.    Replace  the  ^ 
temperature  control 
panel. 

Replace  the  c$biQ 
dual  temperatiire  mior- 
ing  .valve*. 

ej.,  Replace  the 
temperature  control 
panel. 


f .  /  Replace  the 
temperature  cecf^ol 
panel. 

g.  Replace  the 
ctbtn  dual  temperature 
mixing  valve. 


h*  Replace  the 
temperature  control 
panel. 


1.  Replace  the 
temperature  control 
panel. 


/ 


30S 


4 


1 


3.    TEMPERATUKE  CONTBOL  FAME ^  FOOT  gEAT  CHECK 


a.  S«t  tha  SENSOR  SIMU- 
LATOR to  the  HOT  position. 

b.  Sat  the  FOOT  HEAT/ 
DEFOG  lever  to  the  FOOT  HEAT 
position. 


"c.    Press  tha^  RESIS- 
ANCE  MONITOR.  SENSOR  switch 
and  decrease  the.  SENSOR  SIKD- 
LATOR  untij.  the  nultiiuetj 
reads  1400  ot>inir. 


d.    Increase  th^  SEN* 
SOR  SIMULATOR  until  DS2  * 
light  starts  to  PULSE.  * 

a.  ^Oacreas^  the  SEN- 
SOR SIWJLAIOR^until  DS2  light 
goes  OUT  and  DSl  starts 
to  PULSE.  ^ 

r  f.    Increase  the  SEN-  ^ 
SOR  SIMULATOR  until  DS2 
light  comas  ON  STEADY  and 
DSl  Ught  goes  dUT..  ^ 


r 


b.    DSl  light  conies 
ON  and  DS2  light  goes  OUT. 


Cabin  dual  tempera- 
ture -mixing  valve-  pointer 
laoves  tp  the  OPEN  position. 

c.    DSl  light  remains 
OUT  or^  PULSING  and  DS2  light 
remains  OUT.  ^  ^ 


d.  Multimeter 
1350  to  1735  ohms 


r  r<^a 

•  J 


e.  Multimeter  reads 
1350  to' 1725  ohms. 


Multimeter  reads 
k648^to  5928  ohms.  ^  ^ 


g.    Decrease  the  SEN- 
SOR SIMULAI'OR  until  DSl 
flight  comes  ON  STEADY. 

%  / 
.4.-  CAf IN  TEMPERATURE  SENSOR  CHECK 


a.  Connect  the  multimete|r 
to  the  teat  set  TP 3  and  TP4 
Jacks.  1^ 

b.  Set  SI  switch  to  the 
CABIN  SYSTEM  position. 

c.  Set  S2  switch  4,0  the 
CABDMEMP  SIMULATED  position. 

d.  Set  S6  switch  to  the 
FLT  LINl^  position  for  NO  MORE 
'HIAN  4  seconds,  observe  the 
miltlffleaer  and  record  the 
resistance. 


g.  Multimeter  reads 
384  to  624  ohms. 


b.  Replace  the 
temperature  control 
panel. 

Replace  the 
cabin  dual  temperature 
mixing  valve. 


cX  Replace  the 
temperature  control 
panel .        ^  ^ 


d.  Replace  the 
temperature  control 
panel. 

e.  Replace  the 
temperature  control 
panel .  # 


f.  Replace  the 
temperature  control 
panel. 


g.  Replace  the 
temperature  control 
panel. 
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m.    Plot  rMl8t«ne« 
versus  'nob lent  t«iBp«riiturtt 
u»ing  figur*  1.  / 


tt«    Resistance  shall 
fkll  within  the  shaded 
area. 


e.    Replace  the 
cabin  temperature 
sensor. 


lete  the  following  statamnts. 


If  you  received  an  Infinity  reading  on  the  miltloeter  during 


this  check  It  would  Indicate 


the  sensor  or  the  sensor  circuits 


r 


(A  SHORT  or  AN  OPQI)  in 


2.     With  switch  SI  in  the^lMIN  SYSTEM  position,  switch  S2  lii^^e 
CABIN  TE»  SIMDLAXKD  position,  and  the  EXTERNAL  switch  (S6)  DEPRESSED, 


the  flult^ter  reads  This  indicates 

OPEN)  lA  the  c^bln  sensor. 


(A  IS^JKT  or  AN* 


ANSWERS  TO  PROCE 


1.    an  open 


your  instructor  verify  your  answers. 


At  this  time  turn  to  the  trotible  list  at  the  back  of  this  book* 
AecoapllAh  the  four  troubles  uiuler  the  ^CABIN  SYSTEM*'  section.  The 
Inetifuctor  may  assist  you  on  one  of  these  problems. 

After  you  tiAvi^  completed  this  tro^le  list  you  have  '^'^npleted  this 
lesson.    If  you  had  diffJbculty  performcig  any  of  the  steps »  ask  your  ^ 
Instructor  for  adsistence.    If  not^  turn  to  page  #9  and  complete  the 
EQUIPMENT  SYSTEM  lesson.' 
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SECTION  II  ^ 
EQulptient  System 


J  . 


NORMAL  INDICATION 


REMEDyTOR 
ABNORMAL  INDICATION 


'7^ 

1.  PREPARATION 

a.  Dlscoxmect  con- 
Mctor  42P401  from  tempera- 
Cure  control  assembly  42AR401 

b.  Connect  ?1  of  cable  Wl 
(MDE32876-13).  to  the  AmpUfier 
Control  Jl  of  the  test  set  (AfiV 
PSM-2U)»  connect  P2  of  •cable 
Wl  to  the  temperat^e  central 
aasembly  and  Jl  of*  cable  Wl  tc 
contractor  42P401. 

c.  Connect  the  multi- 
meter to  TP5  and  TP6  of  the 
test  set. 

d.  Set  the  test  set 
switches  and  controls  as 
follows : 

SENSOR  SIMULATOR  ^ 

Mid-position 
LIMITER  SIMUUTOR 

Mid-position 

51  CAfIN  SYSTEM 

52  CABIN  TEMP  SIMULATED 

53  BELLOW  25,000  FT 
SIMULATED 

S6  OF? 


e.    Apply  external 
electrics.^  power  to  ^he 
trainer. 
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Not«:    Dimly  lightsd  or  flidcerlng  lights  are  conaidered  OUT. 


2.    CHECKOUT  * 

a.  MoMntarily  prasa 
tha  RESISTANCE  »K)NITOR  SEN- 
SOR sirltcfa  and 'adjust  tha 
SENSOR- SIHULAlbll  for  a 
noltiaatar  indication  of 
2150  ohm. 

b.  Pacraasa  tha  SEN- 
SOR SIMULATOR  tDtil.DSl  light 
light  starts  Xo  PULSE. 

4Fraaa  tha  RESISTANCE  MDNI- 
*TOR  SENSOR  switch. 

c.  Incraasa  tha  SEN- 

^  SOR  SIMULATOR  mitll  DSl  jpnd 
*  DS2  lights  sto^  PULSING, 
than  incraasa  fnrthar  until 
DS2  light  just  stiprts  to' 
PULSE*    Press  tha  RESIS- 
TANCE MONITOfc^SENSOR  .switch. 

d.  Decrease  the  SEN- 
SOR SIMULATOR  until  DSl 
light  just  illuninates 
STEADY.    Press  tha  RESIS- 
TANCE MONITOR  SENSOR 
switch. 


e.  Increase  the  SEN- 
SOR SIMULATOR  until  DS2 
light  just  illuminates 
STEADY.    Press  the  RESIS- 
TANCE MONITOR  \SENSOR 
switch, 

f.  Position  S3  switch 
to  the  ABOVE  25,000  FT 
SIMULiUrED  position, 


^«    Momentarily  press, 
tha  RESISTANCE  MONltOR 
SENSOR  switch  and  adjust 
tha  SENSOR  SIMULATOR  for  a 
nultimatar  indication  of  5700 
ohma* 


a.    .If  lights  DSl  ana 
and  DS2  pulse,  disregard 
tha  indication. 


b.  Multimeter  indi- 
cates 1765  to  2245  ohms. 

DS2  light  4s  OUT. 


c."  Multimeter  indi- 
cates 1850  to  2370  ohms. 

DSl  li^t  is  OUT. 


d.    Multimeter  Indi- 
cates 430  to  805  ohms. 

Turbine  bypass 
valve  position  pointer  . 
Indicates  tha  valve  is 
OPEN.    (After  SENSOR 
switch  is  pressed.) 

.  e.  Multimeter  indi- 
cates 3888  to  6448  ohms. 

Turbine  b3rpass  valve 
poaXtion  pointer  indicater 
the  "^alve  is  OPEN . 

fNy  Turbine  bypass 
valve  p|}sition  pointer 
indicates  the  valve  is 
OPEN. 

*'   If  DSl  and  DS 2  lights 
PULSE,  disregard  the  ^ 
the  indication. 


b.    Replace  tent- 
par  atura  control  assembly. 

Replace^  the  teor- 
par^ture  control  asseobly 

^     c.    Repfiice  the  tem- 
perature control  assemb*ly 

Replace  the  tem- 
perature control  assembly 


d.    kleplace  the  tem- 
perature control  assembly 

.  Replace  the  tem- 
perature control  assembly 


e.  Replace  the  tem- 
perature control  assembly 

Replace  the  tem- 
perature control  assembly 

\ 

f.  Replace  the  tem- 
perature control  assembly 
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h.    Adjtist  th%  SEN- 
pi  ^DOTLAIOR  until  DSl 
D62  lli^ts  are  OUT, 
FrM«  th«  RESIsfANCZ 
MONITOR  SENSOR  witch. 


1.    lacreutt  the  SEN- 
SOR SIMULATOR  until  DS2 
light  juat  starts  to  PULSE. 
Prass  tha  RESISTANCE  ^fONI- 
TOR  SENSOR  switch. 

J.    Dacraaaavtha  SEN- 
SOR SIMULATOR  uatfl  DSl 
li^t  ^uat  starts  to  PULSE. 
Prass  tha  RESISTANcK>K>NITOR 
SENSOR  switch.  ^ 


h.|  Multlaatar  Indi- 
cates fillO  to  6420  ohms. 

Turbine  I  yp ass'*  valve 
position  pointer  indi- 
cates valve  is  OPEN. 


-  1.  Mul<  Imetcr  indi- 
cates 5200  to  6A20  ohms. 


J.  Multimeter  indi- 
cates 5150  to  6335  ohes. 


3.    SENSOR  RESISTANCE  CHECK 

a.  Connect  the  multi- 
meter leads  to  TPl  and  TP2 
jacks  of  the  test  set. 

b.  Place  the  SEN- 
SOR SIMULATING  selector 
switch 9  located  on  the 
front  of  £he  trainer, 
^he  NORMAL  position. 

c.  Perform  a  resis- 
tance check  of  the  equip- 
ment system  temperature 
sensor. 


Not<ii.    ^e  extercal  n»ter  switch  is  the  switch  niarked  S6  (BENCH,  OFF^ 
FLT  LINE."* .    Depress  means  to  hold  it  to  the  "FLT  LINE  position.  Do 
not  hold  it  in  this  position  longer  than  4  seconds. 


IS3d 

h.  Replace  the 
temperature  control 
asseobly. 

Replace  the  tem- 
perature control 
assembly. 

1.  Replace  the 
cemperature  control 
assembly. 


t  j .  Replace  the 
temperature  control 
assembly. 


Complete  the  following  statements. 

1.     The  resistance  reaoing  for  the  SENSOR  is 


ohms. 


2.'     UsS  figure  1  to  comqpare  your  readings  to  the  v^lue  given  ou 
the  chart  with  the  present  ambient  temperature.    Ask  your  Instructor 
for  Che  ambient  temperature.    Is  the  SENSOR  resistance  value  within 


the  tolerance  given  in  the  chart? 


(YES /NO) 
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3.     If  you  receive  an  infinity  reading  on  the  mal.tlmeter 

during  ^hls  checkM^  Indicates    (A  SHORT  or  AN  OPEN)  in 

the  S£NSOR  or  sensorSqircult. 

4(     During  this  check,  if  the  multimeter  reeds  0  ohiis  it  Indlcstes 

  (A  SHORT  or  AN  OPE§)  in  the  sensor  or  sensor  circuit. 


ANSWERS  TO  PROCEDURE  3:  Have  your  instructor  verify  your  answers  to 
statements  1  and  2. 


3.    an  open 


4.    a  short 


At  this  time  turn  to  the  trouble  list  at  the  back  of  the  book« 
Accomplish  the  four  troubles  under  the  "EQUIPMENT  SYSTEM*^  section* 
'  '^instructor  may  assist  you  on  one  of  these  problems* 

After  /ou  have  completed  the  trouble  list  you  have  completed  this 
lesson*    If  you  had  difficulty  performing  any  of  the  steps »  ask  your 
ins  true  toi  for  assistance*    If  not*  i^eport  to  the  instructor* 
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SENSOR  SIMULATOR 
COLD  HOT 


@ 

-LIMITER  SIMULATOR-- 
COLD    HOT  (p 


115  VAC  28  VDC 
AIRCRAFT  POWER 


TPS  TP6 

o  o 

SENSOR  LIMITER 

I  RESISTANCE  MONITOR  _l 

TP7         TP8        GND         TP9  TPIO 

0    D    O    Q  O, 

 OSCILLOSCOPE-  *  M 

0  X       CABIN   CABIN  TEMP.  ABOVE  25,000  FT  , 
^'-^      SCfSTEM      SIMULATED  SIMULATED 

SliO^         S2/rX         S3/n\  E  TP2 

R 


TPl 


Jl 

AMPLIFIER  ^ 
CONTROL         AMP.  OUT^T  p 

DS2 


SUIT  SUIT  TEMP.  BELOW  25,000  FT  ^0 
SYSTEM      SIMULATED        SIMULATED         ^  jpj 

 S 

ol  of\ 

HrW 


DSl 


2  _  _T---  DS3  DS4._ 


BENCH  R 


FLT.  LINE 
S6 


R2n2 
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■AIR  CONDITIONING  SYSTEM 
TEST  SET  AN/PSM-21A 


Foldout  1.    AN/PSM-21  Air.  Conditioning  Tester  for  the  F-AC,  D,  and  E. 


ERIC 


X.  ANY  OlVfN  riMfflATUU,  illlSTAI    «  MUST  PJfiA.  WiTmN 

2.    CIVH  V    USff  ^Oi  CNKKINO  ANO  IMlTItS  WMCN 

iNSTAOf  0  IN  AMCWT. 

X  OUfM  USf  ONiy  WMCNASINSOR  01  UMITU  t$  MMOVCO 
^«0M  T«  AIKWT  ANO  iSft^aO  »N  ACOwnOwtlO  TCM^K* 
ATUII  INVtSOMMCNr(».t.  SUiMOOl  UNir  IN  WATU  THATIS 
riMff  AATUN  CONTIOUfO). 


figure  1. 
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CABIN  SYSTEM 

SWITCH 

MALFUNCTIONING  COMPONENT 

CONDITION 

1 
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• 
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- 
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• 

EQUIPMENT  SYSTEM  . 

SWITCH 

MALFUNCTIONING  COMPONENT 

CONDITION 

— f  ' 

1 

3 
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INSTKUCTOR 

Pltmae  chtck,  o££  tht  studentu   accomplishment  of  the  following  Items. 
These  Items  ere  pert  o£  the  objc^ctlve(s)  of  this  lesson. 


ITEM  ^  PNSAT.  SAT. 

Prectlces  General  Housekeeping  consistent  with    .   

eafety  and' fire  pxeventlon* 


Prectlces  safe  vo^k  heblts  and  procedures. 

roUoi^  precautions  while  working  around 
danger  areas. 

Use  of  Tester. 
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PROGRAMMED  TEXT 


3ABR42331-Pr-206 


Technical  Training 


Aircraft  Environmental  Systems  Mechanic 


BOMBER  BLEED  AIR  SUPPLY  SYSTEM 


15  September  1977 


^^^^^^^ 


DESIGNED  FOR  ATC  COURSE  USE 


DO  NOT  USE  ON  THE  JOB 


FOREWORD 

This  programmed  text  was  prepared  for  use  in  tVie  3ABR42331  Aircraf 
Environmental  Systems  Mechanic  Course.    The  materials  contained  herein 
were  valid^ed  using  students  frpm  the  subject  course.    At  least 
90%  oi  the  students  taking  this  text  achieved  or  surpassed  the  criteria 
established  in  the  lesson  objectives.     The  average  time  for  completion 
of  uhis  text  was  3  l^ours  and  50  minutes.  * 

 ^  OBJECTIVES 

1.  Relate  the  name  of  the  bleed  air  system  component  to  its 
operation  with  a  minimuq^  of  80%  accuracy. 

2.  Select  the  safety  precautions  that  are  involved  in  the 
maintenance  of  the  bleed  air  system  wl*thout  error.  . 

INSTRUCTIONS 

•  * 

This  programmed  text  presents  information  in  small  steps  called 
frames.    After  each  step  you  are  asked  to  complete  a  statement, 
match  some  statements,  or  respond  to  the  information  presented  in 
some  other  way..  Re^d  the  material  presented  and  make  your  response 
as  directed  by  the  frame.    After  you  have  made  your  response,  compare 
your  answers  with  the  correct  answers  found  on  the  top^*of  the  next 
frame.    Any  time  you  respond  incorrectly,  reread  the  frame  to*  get 
the  information  cOr^'ectly.    Write  the  correct  response  next  to  your 
original  response  and  then  proceed  to  the  next  frame.    If  necessary 
you  may  go  back  to  check  a  fact  or  principle,  but  do  not  skip  ahead 
unless  you  are  told  to  do  so. 

r 

Use  thia  .simple  rule:    READ  RESPOND  CONFl>i;^- ADVANCE. 

YOU  WILL  not  be  graded  on  how  fast  you  complete  chis  material. 
You  will  be  tested  later  on  what  you  have  learned. 


Supersedes  3A3R42231-PT-211 ,  31  August  19 -0. 
OPR:     3370  TIG 
DISTRIBUTION:  X 

3i70  TTGTC      400;     TTv^SR  -  1 
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Frame  1 


the  engine  bleed  air  supply  system  is. used  to  supply  hot  pressurized 
engine  bleed  air  to  the  cabin  air  conditioning  system,  the  air  condi- 
tioning ram  airscoop,  and  engine  nac^'lle  anti-icing  systems',  the 
hydraulic  reservoirs,  and  engine  starters. 

This  bleed  air  is  taken  from  the  last  stage  of  engine  compression 
on  each  engine"!    The  pressure,  temperature,  and  flow  of  engine  bleed 
Air  is  depeftdent  upon  the  engine  throttle  settings  and  air  demand. 

Answer  each  of  the  following  statements  as  either  true  (T)  or  false  (F) . 

1,      Hot  pressurized  air  Is  taken  frcm  the  middle  stage  of  the 
aircraft's  engines. 


2.  The  last  stage  of  compression  on  each  engine  provides  hot 
pressurized  blead  air. 

3.  The  engine  throttle  settings  will  determine  the  pressure, 
temperature  and  the  flow  o'f  the  bleed  air  in  the  system. 


\ 
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Answers  to  Frame  1:    1.  2,      T     3.  T 

Frame  2 

A  ground  air  cart,  the  MA-IA,  Is  shor^m  in  the  sketch  below. 
It  Is  used  to  st^rt  the  planes  engines,  ground  check  the  bleed  air  J 
supply  system  and  ground  check  the  air  corditioning  system. 

rhe  MA-lA  is  connected  to  the  engine  by  a  ground  service  receptacle 
and  this  will  be  explained  to  you  in  the  ixext  frame. 

The  sketch  shows  the  ground  air  cart  connected  to  an  aircratt. 


COMPRESSOR 


Answer  each  of  the  following  statements  as  either  true  (T)  or  false  (F) . 

 The  ground  air  cart  used  to  start  aircraft  engines  is  the 

MA-IA. 

 2.      The  MA-IA  compressor  oan  also  be  used  to  ground. check  both 

the  bleed  air  and  air  conditioning  systems. 
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The  nuinbered  Items  are  In  the  sketch  above. 

One  bleed  air  ground  service  receptacle  (#3)  Is  found  In  the 

bottom  of  each  engine^  nacelle  fairing  (#4) •  This  receptacle  serves 

as  a  quick  disconnect  to  permit  a  ground  air  cart  to  be  conqA^ted 
to  the  engine  bleed  air  system  duct  (#1)  •  ^/ 

Tlie  receptacles  are  identified  by  the  external  marking  "PNEUMATIC 
GROUND  CONNECTION"  (#5). 

A  grounc^  service  receptacle  check  valve  (#2)  is  put  between  ' 
the  ground  service  receptacle  and  the  engine  bleed <alr  system  duct. 

"  The  check  valve  ts  used  to  prevent  a  reverse  airflow  in  the 
system.    The  check  ^ valve  will  be  open  if 'the  MA--1A  is  supplying* 
air  to  the  engine  and  will  cloa^  \^en  ^tbe  engine  starts  to  supply 
the  bleed  airflow. 

Hatch  the  number  in  the  sketch  with  the  statement  below  and  place 
the  nuniber  of  your  choice  on  the  blank  line  provided.  ^ 

^*  ^^rmits  an  external  air  Source  to  be  connected  to  the  engine 

bleed  dir  system. 

2.   Installed  between  the  ground  service  receptacle  and  the  engine 

bl^ed  air  system  duct  to  prevent  a  reverse  air  flow. 

*    3.   Must  be  closed  when  the  engine  is  supplying  the  air  pressure. 


323 


I 

Engine  bleed  air  flapper  type  valves  are  installed  on 

the  bleed  air  system  ducting  to  prevent  a  reverse  airflow  within 
the  system. 

During  normal  airflow,  the  pheck  valves  are  in  the  open  position. 
If  a  reverse  airflow  should  start,  the  cher,k  valve  Vill  rotate  to 
the  closed  position. 
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Frame  4  (Continued) 

Note:    The  sketch  shows  two  check  valves  installed  in  the  bleed 
~    air  system  ducting.    Both  valves  prevent  a  reverse  flow  of 
air  in  the  bleed  air  system. 

The  engine  bleed  air  ducts,  also  shown  in  the  sketch  are  used 
to  convey  the  not  engine  bleed  air  to  it's  point  of  use.    These  ducts 
are  thin  walled  tubes  made  of  corrosion  resistant  steel.  ' 

Complete  the  following  statements  ly  writing  in  the  correct  word 
or  words. 

^'  ^  -  .     A  7  ''^^''^  ^^^^^^  ^""^  installed  in  the  engine 

bleed  air  ducting. 

2.      The  bleed  air  check  valves  will  allow 

to  flow  out  of  the  engine  compressor  and  will  \ 

If  alivtrles  to  flow  Into  the  engine  conrpressor^     ^  — ' 


3.      The  , 


air  to  Its  point  of  use. 


are  used  to  carry  the  engine  bleed 


The  bleed  air  ducts  are  made  of  thln-*alled 


0 
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15^1 

Answers  to  Frame  4:^    1.    flapper  type    2.    hot  high  pressure  air, 

rotate  closed 

3,  bleed  ai-r  duc^s 

4,  corrosion  resistant  steel 


The  engine  bleed  air  ducts  are  supported  by  either  single  or 
double  hinged  swinging  gate  type  supports,  as^  shown  in  the  sketch. 

The  supports  ^allow  for  a  pivoting  action  to  take  place  during 
expansion  and  contraction  of  the  duct. 


Answer  each  of  the  following  questions  as  either  true  (T)  or  false  (F). 

___1.      The  swinging  gate  type  support  brackets  will  allow  a  pivot 
action  to  take  place  during  expansion  and  contraction  of 
the  duct. 

 2.      Only  a  single  hinged  swinging  gate  type  support  is  used. 


8 


Aitswers  tc  Frame  5:    1.  2.  f 


In  addition  to  the  swinging  ^  ?port,  a  bellows  assembly 

(5)  acts  as  a  unive*-sal  loint       a.      ,  for  thermal  expansion. 

In  addition,  this  bella^s  asscnibly  comper sates  fcr  twisting 
and  bending  movements  of  the  aircraft  structure. 


BONDING  JUMPER 


(l)  GASKET  ^ 

© 


BOL*S 


STRUCTURE 
BOLTS 


Complete  the  following  statements  by  placing  the  correct  word  or 
\;ords  in  the  space  provided. 

1.     "^e  universal  Jciuts  used  in  the  wing  ducts  compensate 

for  the  ducts  

 ^ — 


Eng' :ie  bleed  a:?r  ductf  are  made  of 


J* 

/ 
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Answers  to  Frame  6:  1.  Thermal  Growth  2.  corrosion  resistant  steel 
Frame  7 

Match  the  component  part  in  column  B  with  the  statement  in  columi. 
A  that  ber*:  describes  that  ©art. 


2. 


3. 


5. 


6. 


Column  A 

Permits  un  external  air  source- 
to  be  connected  to  the  engine 
air  bleed  system  duct, 

♦  4 

Provides  hot  high  pressure  air 
for  use  by  the  air  conditioning 
system. 

Used  in  the  wing  ducts  to  com- 
pensate for  thermal  growth  of 
the  ducts. 

Will  allow  hot  hig^  pre  sure 
air  to  flow  out  of  the  engine 
compressor  but  will  close  if 
air  tries  to  flow  into  the  com- 
pressor. 

L 

Cm  be  used  to  start  aircraft 
e^gine^  or  groiand  check  the 
bleed  air  and  air  conditioning 
systems. 

Allows  a  pivot  action  to  take 
place  during  expansion  and 
contraction  of  the  duct. 


Column  B 

a.  Last  stage  of  compression 
on  jet  ^gine. 

b.  MA-  lA  compressor. 

c.  Pneumatic  ground 
connection. 

d.  Engine  bleed  air  chf  k  valve. 
e\      Swinging  gate  type  support, 
f.      Universal  joints. 
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Answers  to  Frame  7:    1.    ^    2.  j3,  4.  5.     Jb_  ^* 

Frame  8 


(T) FLANGE 
^  CASKIT 


INSWJkTION 
CLAMf 


DUCT  INSULATION 


JFUNCE  KHTS 


FLANGE 
*  BOLTS 


INSULATION 


The  engine  bleed  air  ducts  are  made  in  various  lengths  to  make 
it  easier  to  remove  and  replace  them. 

The  Illustrations  show  the  bolted  flange  method  of  connecting 
jiuct  sectioijs  together.    A  gasket  is  put  in  between  the  two  parts 
of  the  duct  to  prevent  leakage. 


ERLC 
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IS5S  , 

Frame  8  (Continued)  \ 

A  new  gasket  that  Is  free  of  creases ,  Imperfections,  *and  foreign 
material  should  be  put  In  any  time  a  section  of  duct  Is  Installed. 

The  bolts  should  be  tlghlened  ln'^i\adual  steps  on  opposite 
alternate  diameters  with  a  torque  wrench  to  technical  order  specifications. 

Answer  each  of  the  following  questions  as  either  true  (T)  or  false  (F) . 

 ^1,      ^or  easier  removal  ^^nd  replacement,  ducts  are  .uade  In  various 

j.engths. 

 !•      Each  time  a  section  of  duct  Is  removed  and  replaced  a  new 

gasket  should  be  installed. 

 3.      A  torque  wrench  should  be  used  to  tighten  the  nuts  on  the 

flange  bolts  according  to  technical  order  specifications. 


12 
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Answers  to  fxma  8:    1.     T       2.     T       3.  T 


Frame  9 


Two  nore  ways  of  connecting  ducts  together  are  shown  in  the  sketch. 
The  Marman  Ch^nnui  Band  coupling  Is  used  Co  couple  cold  air  ducts 


together  in  ths  air  conditioning  system. 


Marman  Channel  Band  Coupling. 

The  Marman  V  Band  couplings  can  also  be  used  to  clamp  components 
of  the  system  to  the  ducts. 


Marman  V  Band  Coupling! 

On  both  couplings  J  the  nut  on  the  T-bolt  should  be  tightened  with 
a  torque  wrench. 

Mark  the  letter  in  front  of  your  choice. 

!•      T-bolts  on  both  couplings  should  be  tightened  with  a/an 

a.  open  end  wrench. 

b.  box-end  wrench. 

c.  socket  wrench. 

d.  torque  wrench. 

2.      The  Marmen  Channel  Band  coupliKg  is  used  on 

a.  hot  engine  bleed  air  ducts.  . 

b.  cold  and  hot  air  ducts.  ^ 

c.  cold  air  ducts. 

d.  hot  air  ducts. 
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Answers  to  Frame  9:  1* 


2. 


Frame  10 


Engixie  bleed  air  ducts  In  most  areas  are  covered  by  metal  foil 
♦  insulation.    This  Insulation  is  used  to  cut  down  heat  loss  from  the 
ducts »  prevent  damage       the  structure  and  equipment  next  to  the 
hot  air  ducts »  and  help  keep  them  from  burning  those  coming  in  contact 
%d.th  the  ducts  ^ 


,The  insulation  is  ^ured  around  the  ducts  with  safety  wire 
lacing  as  shown  in  the  sketch. 


IMIUUTWH 


Complete  the  following  statements  by  writing  in  the  word  or  words 
on  the  lines  provided. 

1.  placed  around  the  ducts  will  prevent 

damage  to  the  structure  and  equipment  adjacent  to  the  ducts. 

2.    is  used  to  secure  the  insulation 


BTOxxt^  the  ducts* 
3.      The  insulation  material  used  on  the  hot  air  ducts  is 


14 
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Answers  to  Frame  10;    1.    Insulation     2.    Wire  lacings    3.    metal  foil 


  1,    Bolted  Flange  Connection. 

  2.    Channel  Band  Coupling. 

 3.    V  Bank  Coupling 

A 


ERIC 
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Ansvers  to  Frame  11:  1* 


Frame  12 


2. 


3. 


Engine  bleed  air  for  air  conditioning  and  pressurization  is 
normally  supplied  by  engines  3  an^  4  in  strut  niiniber  two.  During 
an  emergency  vhen  air  is  not  available  from  strut  number  2,  strut 
nuxaber  3  with  engines  5  and  6  will  supply  the  engine  bleed  air. 
T1.C  relative  positions  for  the  struts  and  engines  mentioned  are 
shown  In  the  illustration. 


SHUT  NO 


1ST  HUT  NO  7) 

ENGINES  3  AND  4     ,         ENCINEsTaNO         STRUf  NO.  \ 


Hatch  the  statements  in  column  B  to  the  correct  component  in  column  A. 
 ^1.      Engines  Nuicber  5  and  6.  A.,     Normal  source  of  bleed 


2*      Strut  Number  2. 


J  air. 


Emergency  source  of 
bleed  air. 


3.      Strut  Number  3. 


^4,      Engines  Nus&er  3  and  4. 


It 
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Answers  to  Frame  12: 


2. 


3.  B 


4. 


1^0 


Frame  13 


The  illustration  is  a  schematic  of  the  bleed  aii;  system.  Engine 
bleed  air  is  taken  from  the  last  stage  of  compressior  ca  engines 
3  and  4  of  strut  number  two,  during  normal  operation  of  the  air 
conditioning  system.  •"^^ 

This  air  passes  through  the  precooler  •'i  strut  nuniber  2  into 
the  wing  manifold  and  then  through  the  body  crossover  manifold  valve 
lo  the  air  conditioning  packige. 

During  emergency  operation  of  the  air  conditioning  system,  bleed 
air  is  taken  from  the  last  stage  of  compression  on  engines  5  and 
6.    Tt  passes  through  strut  number  3  bleed  valve  iftto  the  wing  manifold 
and  then  to  the  air  conditioning  package. 

On  the  schematic  shown  below,  note  the  position  of  the  bleed 
air  check  valves,  precooler,  struts  number  1,  3,  and  4  bleed  valves, 
and  the  body  crossover  manifold  valve. 
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Frame  13  (Cou/inued) 


ou^nued 


A^v^v  each  of  the  following  ques^tions  ciS  either  true  (T)  or  false  {F)  . 

  >,    , Blee^  air  for  normal  operation  of  the  air  conditioning 

system  is-  taken  from  the  last  stage^  of  compression  on 
engdnes  5  Wd  6.  v 

r- 

 2.      Strut  nuU>er  3  is  us^d  to  supply  an  emergency  source  of 

»  bleed  air  for  air' conditionin>i. 

 The  precooler  Is  mounted  in  strut  number  two. 


ERIC 
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Answers  €o  Frame  13:  1. 


2. 


3. 


^Fraiqe  14 


The  heai  exchanger  (precooler)  ,  shovm  in  the  sketch  is  in  strut 
no,  2.  •  The  precooier  reduces  the  engine  bleed  air  temperature  from 
740*F  to  a  discharge  teii?>erature  that  will  not  be  more  than  475*^F, 

Cooling  of  the  engine  bleed  air  is  done  by  directing  the  bleea 
air  through  a  heat  exchanger  core  while  ram  air  is  flowing  across 
the  core.    This  action  transfers  the  heat  from  the  bleed  air  to  the 
ram  air  and  then  sent  overboard. 


HtAT  IXCMANOM  — 


Complete  the  following  statements  by  writing,  the  correct  words 
on  the  lines  provided. 

1.    The  precooler  is  mounted  in  • 


2.    The  precooler  transfers  the  heat  of  the  bleed  air  to 
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Answers  to  Frame  14:  1*  strut  number  2 
Frane  15 


2,    ram  air 


The  bleed  air  valves  that  are  Instaljled  in  atruts  number  1  and 
4,  as  shown  In  the  sketch,  are  Identical  units.    They  need  a  combination 
of  DC  voltage  for  control'  and  air  pressure  for  operation. 

Thfise  valves  are  solenoid  controlled  and  air  actuated.  These 
valves  Tiave  a  fall  safe  feature  which  will  cause  the  valves  to  close 
any  time  electrical  pow6r  is  lost. 

^  The  only, time  that  struts  number  1  and  4  bleed  valves  are  opened 

are  during  engine  start,  or  when  an  operational  check  of  the  bleed 
air  valves  is  required. 

.^^^Q^.^.^l"        Struts  number  1  and  4  cannot  be  used  as  a  source  of 
^  bleed  air  for  air  conditioning.    Both  valves  are 

controlled  by  the  manifold  valve  switch. 


SOLiNOtO 


eiECTitCAL 


ILEEO  VALVe 
ACTUATOH  ' 
(PNCUMATIO 


BONDINC 


BLEED  VALVE 
C9mplete  the  following  statements. 

1.      Strut  number  1  and  4  bleed  valves  are  electrically  controlled 


and 


operated. 


2.  Strut  nximber  1  and  4  bleed  valves  are  fall  safe 

3.  •    Strut  number  1  and  4  bleed  valves  when  electrical 

power  is  lost,  ^ 

4.  To  start  the  aircraft's  engines,  strut  number  ^  and  4 
bleed  valves    , 

5.  Strut  number  1  and  4  bleed  valves   

,    when  an  operational  check  of  the  bleed  valves  is  requited. 

20 
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Anwers  to  Frame  15:    1.    air    1.    closed .  3.    will  close 

4.    must  be  open    5,    can^^  opened 

Frame  16 

The  engine  bleed  air  body  crossover  manifold  valve  is  located 
In  the  left  wing  bleed  air  system  manifold.    This  valve  is  operated 
by  a  118  volt  AC  motor. 

.   This  valve  is  opened  to  allow  engine  bleed  air  to  flow  from 
strut       to  the  cabin  air  conditioning  system  during  normal  system  * 
o^'»ration.    The  body  crossover  manifold  valve  will  also  be  opened 
ouiTing  starting  of  the  aircraft's  engines.  . 

The  body  ^ossover  manifold  -»alve  Is  controlled  Ijy  the  Bleed 
Selector  Switch  or  the  manifold  valve  switch. 


t 


Mark  the  letter  In  front  of  your  choice. 

1.  The  body  crossover  valve  is  operated  by 

air  pressur.-. 

b.  a  hydraulic  motor. 

c.  '    a  24V  DC  motor; 

d.  a  118V  AC  motor. 

2.  During  normal  operation  of  the  air  conditioning  system,  engine 
bleed  air  is  received  from  strut  number 

a.  1 

b.  2 

c.  3 

d.  4 
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Answer©  to  Frame  16:    1.      d       2.  b 
Frame  17       .  * 

Strut  number  3  bleed  valve  is  a  118  volt  AC  motor  driven  butterf 
type  valve. 

*  * 
The  valve  is  normally  closed  and  can  be  controlled  with  either 
the  bleed  selector  switch  or  the  manifold  valve  switch. 

The  valve       opened  for  starting  engines  or  to  supply  emergency 
bleed  air  for  the  cabin  air-conditioning  system.- 


Answer  each  of  the  following  stater^ents  an  either  true  (T)  or  false 

 ^1.      Strut  number  3  bleed  valve  is  powered  by  a  118  volt  AC 

motor.  ^ 

2.  Strut  number  3  is  used  to  supply  emeorgency  bleed  sir  for 
the  cabin  air  conditioning  system. 

3,  Strut  numbei  3  bleed  valve  is  opened  to  start  the  airciaft* 
engines. 

22 
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Frame  17  (Continued) 


To  supply  emergency  bleed  air  for  the  cabin  air  conditioning, 
strut  number  3  bleed  valve  must  be  opened ♦ 

The  manifold  valve  switch  or  the  bleed  selector  switch 
can  control  strut  number  3  bleed  valve. 


} 
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Answer*  to  Frame  17:  1. 


2. 


3. 


4. 


5. 


Frame  18 


Match  the  compcnent  pattf  in  column  B  to  the  statement  that 
beet  describes  that  part  in  oolumn  A. 


1. 


2. 


3. 


4. 


5. 


6. 


Column  A 


/ 


Redutea  the  Engine  blead  air 
temperature  from  740 *F 
to  475*P. 

Provides  an  emergency 
source  of  bleed  air  for  air 
conditioning  t»/otem 
operation. 

Will  be  opened  to  start 
aircraft  engines  and  provide 
the  air  conditioning  system 
with  bleed  air  from  the  normal 
source. 

Is  used  as  the  normal  source 

of  bleed  air  for  air  conditioning 

and  pressurizar ion. 

Will  be  opened  only  to  start 
aircraft  engines. 

Will  be  opened  to  start 
aircraft  engines  or  supply 
emergency  bleed  air  for 
cabin  air  conditioning. 


Column  B  V 
A.      Strut  No.  2 
3.      Strut  No.  3 

C.  Precooler 

D.  Struts  No.  1  &  4 
bleed  valve 

E.  Body  crossover 
manifold  valve 

F.  Strut  No.  3  bleed 
valve 


/ 
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Answcrt  to  Frame  18:    1.       C       2.       B       3.       E       4.       A       5.  D 

\  ,  Frame  19 

The  manifold  valve  switch,  In  the  Illustration,  Is  used  to  open 
all  the  bleed  air  valves  only  during  engine  starting. 


MANIFOLD  VALVI  SWITCH 


Complete  the  following  statements  by  filling  in  l^e  blanks  provided, 

1.  The  manifold  valve  switch  has  two  positions   

2.  Lifting  the  cap  and  pressing  the  manifold  valve  switch 
to  the  open  position  will  open  the  body  crossover  valve, 
strut  No.  3  bleed  valve,  and  

The  manifold  valve  switch  is  used  
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Answers  to  Ffame  19: 


Frame  20 


1.  open  and  close 

2 .  atrute  No>  1  and  A  bleed  valve 

3.  ^nJLy  during  englAe  start 


PRESSURE 

RELEASE 

SWITCH 


PRESSURE  ,K\R  CON* 
lONING)  MASTER  SWITCH 


BLEED  SELECTOR  SWITCH 


CONdlTtONINO  AISLI  STAND  PANIL 

The.  engine  bleed  air  system  controls  also  consists  of  a  cabin 
pressure  master  switch  and  a  bleed  selector  switch  as  shown  In  the 
sketch  above.    The  cabin  pressure  master  switch  has  four  positions: 
RAM,  OFF,  7.45  pal,  and  COMBAT  4.50  psl. 

The  bleed  selector  swicch  has  two  posltlG««K,  NORMAL  and  EMERGENCY. 
The  position  of  the  bleed  selector  switch  determines  the  availability 
of  the  engine  bleed  air  from  either  stiut  nuTsber  2  or  3  for  air 
conditioning  and  pressurlzation. 

Answer  each  of  the  following  statements  as  either  true  (T;  or  false  (F) , 

 1.      The  four  positions  on  the  cabin  pressure  master  switch 

are  ram,  Off,  7.45  psl,  and  Combat  4.50  psl. 

2.      The  two  positions  on  the  bleed  selector  switch  are  Normal 
and  emergency. 

 3.      The  availability  of  engine  bleed  air  from  either  strut 

number  2  or  3  is  determined  by  the  position  of  the  bleed 
selector  switch. 
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Answers'' to  Frame  20:    1.    T     2.    T  3. 


Frame  21 


Using  the  switch  position  table  shown  below,  complete  each  of 
the  following  statements, 

SWITCH  POSITION 


/ 

AIR  ROUTE 

CABIN 
PRESSURE 
MASTER 
SWITCH 

MAHtFOLD 
VALVE 
SWITCH 

BLEED 
SELECTOR 
SWITCH 

Any  strut  tc 
oil  otKtr 
struts 

Ram  or 

OFF 

Ur  CM 

NUKMAL  or 

emerg 

No.  3  strut 
•o  o»r  cond'* 
itioninj  pock 

7.45  PSI  or 
COMBAT 
4.5  PSI 

CLOSED 

*i  EMERG 

No.  2  ifrut 
to  a*r  cond* 

itiOHin^  pock 

7.45  PSI  or 
COMBAT 
4,5  PSI 

CLOSED 

NORMAL 

indtvtduol 
strut  enly 

RAM  or 

OFF 

CLOSED 

NORMAL  Of 
EmERG 

CAUTION 

•  To  prtvtnt  txccsstvt  bittd  oir  mom  fold  t^riptfcfurts 
whiCH  could  ftsult  tn  o  firt  hoiord,  do  not  optrott  ony 
tngmts  o*Ur  Jhon  No,  3  of  4  obcvt  B0%  tpm  with  tht 
montfold  votvo  switch  optfl. 

•  Dp  not  ♦n'-std  246*  C  1'475*  F)  whtn  optfoting  tnyiw  No. 
5  or  6  wifh  MANIFOLD  VALVE  »»»tch  ,n  CLOSE  posifioi^ 
ond  BLEED  SELECTOR  swttcK  r  CmERG  position. 


1*    To  get  air  from  strut  number  2  the  air  conditioning  system, 
the  manifold  valve  switch  Is  closed,  the  bleed  selector  ' 

switch  will  be  in  the  position,  and 

the  cabin  pressure  roaster  switch  will  be  in  the  7.45  or 
4*50  psi  position. 

2.    To  get  air  to  go  from  any  strut  to  all  the^ther  struts 
V    4Mring  engine  starting,  the  cabin  pressure  master  switch 
is  in  the  OFF  or  RAM  position,  the  manifold  valve  switch 

is  in  the  position  and  the 

bleed  selector  switch  will  be  In  normal  or  emergency. 


1571 

Answers  to  Frame  21: 


NORMAL 


2.  OPEN 


Franr  22 

Using  the  switch  position  chart  as  a  guide,  write  down  the  bleed 
air  aystem  control  positions  for  each  of  uhe  following  situatioTjs. 


SWJTCX  PCSITIOH 


AIR  ROUTE 


Any  l4rvt  to 
oil  OtHof 
Struts 

No.  3  strut 
•o  oir  con^ 
ittofiinf  peck 

No,  2  strut 
Id  oir  cond- 
itioning peck 

Individuoi 
St«vt  only 


CABIN 
PRESSURE 
MASTER 
SWITCH 


RAM  or 

OFF 


7.45  PSI  or 
COMBAT 
4.5  PSI  / 


7.45  PSI 

comba 

4.SPSI 

RAM  Of 

OFF 

/ 


MANIFOLD 
VALVi 
SWITCH 


OPEN 


CLOSED 


CLOSED 


CLOSED 


BLEED 
SELECTOR 
SWITCH 


NORMAL  or 
EMERG 


EMERG 


NORMAL 


NORMAL  or 
EMERG 


'4 


CAUTION 

•  To  prevenl^  tKCtssivt  bleed  oir  montfoid  temperotures 
whiCK  could  result  m  o  lire  hoxord^  do  not  operate  ony 

«  engines  other  then  No.  3  or  4  obove  S0%  rpm  with  the 
montlold>olve  S'aritch  open. 

•  Do  not  excted  246*  C  (475*  F)  when  operotmQ  engme  No. 
5  or  6  with  MANIFOLD  VALVE  switch  m  CLOSE  posmon 
ond  BLEED  SELECTOR  switch  m  EmERG  posttion. 


0 


1,      To  start  aircraft  engines  with  a  ground  rart  connected 
to  strut  No.  2  the  switch  oositions  will  be: 


a.  Cabin  Pressure  Master  Sw« 

b.  Manifold  Valve  Sw. 


c.      Bleed  Selector  Sw. 


2.      lo  get  bleed  air  for  the  air  conditioning  system  from 
the  normal  source  the  switch  positions  are: 

a*      Cabin  Pressure  Master  Sw.  

b.  Manifold  Valve  Swf  \  

c.  Bleed  Selector  Sw.  , 
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Frame  22  (Continued) 

To  get  bleed  air  tcrc  the  air  conditioning  system  from  the 
emergency  source  the  switch^ positions  are: 


a.  Cabin  Pressure  Master  Switch: 

b.  Manifold  Valv3<  Switch:   

c.  Bleed  Selector  Switch: 
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1.  a.    RAM  or  OFF   ,  b.    OPEN  NORMAL  or  KMERGENCY 

2.  a.    7,45  P8l  or  Combat  A ,5     b*  CLOSED 
NORMAL 

3^    «•    7.45  pel  or  Conbat  4,5  psl     b,  CLOSED 
c.  EMERGENCY 

Frame  23  ^ 

A  manifold  air  teii4>erature  indicator  and  sensing  bulb,  shown 
in  the  sketch  indicates  the  air  tCTT^erature  in  the  bleed  ai?:  system. 
The  indicator  ia  scaled  in  degrees  from  -20*  to  +300*C  (-4*  to  +575**F) 
and  la  red  lined  at  246*C  (475*F)  for  maximum  operating  temperature. 

Resistance  of  the  temperature  bulb  varies  with  temperature  changes. 
The  indicator,  is  located  on  the  cop#.lot's  auxiliary  side  panel 
and  the  manifold  air  temperature  bulb  is  located  in  the  engine  air 
bleed  supply  system  duct. 


conoit'onin:- 


Answers  to  Frame  22 1 


Answer  each  of  the  following  statements  as  either  t  r,y^  (T)  or  f«lsf  (F)  . 

 1.      A  manifold  air  temperature  indicating  system  is  used  to 

indicate  the  air  temperature  in  the  bleed  air  system, 

 2.      The  indicator  is  red  lined  at  2/^6^*0. 

 3.      The  temperature  of  the  air  flowing  through  the  bleed  air 

system  will  vary  the  resistance  of  the  sensing  bulb. 
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Answers  to  Frame  23:    1.      T      2.    T      3.  T 


Frame  24 


Using  the  illustration  as  a  guide,  trace  the  electrical  circuits, 
and  coiq)let2  t..e  following  statements  by  placing  the  word  or  words 
in  the  blank  spaces  that  would  make  the  statement  true. 


HANIfOlD 

VAIVI 

SWITCH 


^  o 

ClOSf 

u 

K 

__v 

• 

24 


VOC 


SHUT  tt4     STRUT  tfl 
IU(D  BlfEO 
VAlVf  VAlVf 


STRUT  «3 
BUeO  VALVE 


BODY 

CROSSOVit 
MANi^OtO 
VALVl 


1.  Strut  Nc.  1  ai:d  Strut  No.  A  bleed  valves  are  supplied  ^?ith 
  vol<8. 

2.  The  body  crossover  manifold  valve  and  strut  No.  3  bleed 
valve  are  supplied  with   volts. 

3.  When  the  manifold  valve  switch  is  placed  in  the  open 
position,  all  the   air  valves  will  open. 


4. 


existed 
and 


If  the  open  wire  indicated  by  the  symbol  (l) 

in  the  electrical  circuit,  both  Strut  No.   

Strut  No.   bleed  valves  will  not  open. 

5.      If  the  open  wire  indiliated  by  the  symbol  existed 


iti  the  electrical  circaiw  the 


valve  will  not  open. 


If  t)'e  open  wire  indicated  by  the  synibo 

in  the  electrical  circuit   

 valve  will  not  open^ 


1  © 


existed 
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Answers  to  Frame  24:    1.    24    2..    118    3.    1>leed    4.  l^^A 

5.  Body  crossover  manifold  valve 

6.  Strut  No.  3  Bleed  Valve 


Frame  25 


Using  the  illustration  shown  as  a  guide, ^trace  the  electrical 
circuits  and  complete  the  following  statements  by»placing  the  word 
or  words  In  the  blanks  spaces  that  would  make  the  statement  true 


CAlIN  PiESSUtI 
MASTER  SWtTCH 


I 


ClOSf 


VOC 


ClOSI 


5TBUT  02 
•  UIO  VAlVf 


kODY 

CtOSSOvtK 
MANIFOLD 
V  AlVg 


STRUT  tt4      ST8UT  tfl 
IKED  BUED 
VAlVf  VAtVf 
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Frame  2b  (Continued) 

1,  When  roanlfold  valve  switch  Is  placed  in  the  closed  position, 
all  the   ai^  valves  will  close. 

2,  If  the  open  wire  indicated  by  the  synfcol   (3/  existed 
ia^he  electrical  circuit,  Strut. No.  3  bleed  valve  will 
not  ^  • 

3,  If  the  open  wire  indicated  by  the  symbol  (hj  existed 

in  the  electrical  circuit  the  


valve  will  not  close. 
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1511 

An£9»rer8  to.Fraroe  25:    1.    bleed      2.    olose      3,    brdy  cros<^over 

Toanifold  valve 

Fi:ame  26 

With  the  switches  on  the  circuit  shown  in  the  following  posit ic5ns,  • 
complete  each  statement  written  below  with  tfie  word  or  words  that 
will  make  eath^  statement  true. 
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Frame  26  (Continued) 


Switch  Positions': 

^nifold  Valve 
Switch-Closed 
Cabin  Pressure 
Master  Sw. 
7.45  psi 
Bleed  Selettor 
Switch  Normal 

1.      Strut  No.  3  bleed  valve  will  be 


2.      The  body  crossover  manifold  \alve  will  be 


3.  With  the  body  crossover  valve  open,  hot  high  pressure  air 
will  be  received  from  Strut  No.  ^. 

4.  If  the  open  electrical  circuit  indicated  by  the  symbol ^4  J 
existed,  the  body  crossover  r.anifold  valve  would  not  opeTi 
wlien  the   switch  was 

/  positioned. 

If  the  open  electrical  circuit  indicated  by  the  symbol  ^3  J 
existed,  the 


valve  would  not  open  when  the  bleed 


selector  switch. was  in  normal  or  the  manifold  valve  switch 
was  in  the.^*€rmai  position*. 


"  3S3 


/f7f 

Answers  to  Frame  26:    1.    closed      2.    open      3.  two 

4.    bleed  selector    5.    body  crossover  manifold 


Frame  27 


With  the  switches  in  the  circuit  shown  in  the  following  positions, 
complete  each  statement  written  below  with  the  word  or  words  that 
make  each  statement  true.  — 
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Frame  27  (Continued) 


o^itch  Positions: 

Manifold  Valve 
Sw  — -Closed, 
Cabin  Pressiire 

Master  Sw  

7.45  psi 
Bleed  Selector 
Sw — Emergency 

1.  'w^th  the  switch  positions  shown  above.  Strut  No.  3  bleed 
valve  will  

2,  With  the  switch  positions  shown  above,  the  body  crossover 
nanxfold  valve  will   


3. 


4. 


If  the  open  wire  indicated  by  the  symbol  existed, 
in  the  electrical  circuit,  the 


valv3  will  not  close. 


If  the  open  wire  indicated  by  the  synfcol  (ij 
in  the  electrical  circuit,  the  Strut  No.  3  ble 


eristed 
Leed  valve 

.«^C.t.J.J.i*ax    k,-i.j.K-w»-^w,     »-..w  — -   

will  not 


Ansvers  to  Frame  27:     1.     open      2.     close      3.    body  crossover  r^^nifold 

4.  open 

Frame  28 

Using  the  illut^tratlon  shown  as  a  guide,  complete  each  of  the 
following  statements  with  the  word  or  words  that  will  make  each 
statement  true. 


If  the  open  electrical  circuit  indicated  by  circle  (ij 
was  in  the  circuit,  both  ^irut  No.  A  bleed  valve  and^^ 


1- 

Strut  No.  1  valve  would  *not 
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Frame  28  (Continued) 

2.  If  the  open  circuit  indicated  by  circle  and  the 
manifold  valve  switch  were  placed  in  the  open  position. 
Strut  No.  3  bleed  valve  would  not  . 

3.  If  the  open  3lectrical  circuit  indicated  by  circle 
was  in  the  circuit,  Strut  No.  3  bleed  valve  will  not 

 when  the  bleed  selector  switch  vas  in  the 

normal  position, 

4.  If  the  open  electrical  circuit  indicated  by  circle 
was  in  the  CjLrcuit,  the  tody  crossover  manifold  valve 

would  not  with  the  bleed  selector  switch  in 

the  normal  position. 

V 


i 

Answers  to  Frame  28:  ^ 

1.  Open 

2.  open  ^ 

3.  close 

4.  open 


V 


9 
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Er|c  3o8 


FOREWORD 


This  programmed  text  was  prepared  for  use  In  the  3ABR42331  Aircraft 
Environmental  Systems  Mechanic  Course.    The  materials  contained  herein 
were  validated  with  students  from  the  subject  course.    At  leuSt 
90X  of  the  students  taking  this  text  achieved  or  surpassed  the  criteria 
established  In  the  lesson  object  Ives  r'^e  average  time  for  ^mpletlon 
of  this  text  was  4  hours  and  20  minutes. 

OBJECTIVES 

Relate  the  name  of  each  cabin  air  conditioning  system  canponent 
to  Its  operation  with  a  minimum  of  80%  accuracy. 

INSTRUCTIONS 

This  program  text  presents  Information  In  small  steps  called 
"frames."  >fter  each  step  you  a^e  asked  to  select  the  correct  ctatement, 
match  a  statement,  or  respond  In  some  other  way  to  the  Information 
presented.    Read  the  material  presented  and  make  your  response  as 
t    directed  by  the  I'^structtons.    Compare  your  response  with  answers 
i    found  on  the  next  page  or  pages.    If  you  are  wrong,  read  the  frame 
again,  and  then  write  the  correct  response  next  to  your  previous 
answer. 


< 
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Supersedes  3ABR42331-PT-206A,  26  September  1977. 
DISTRIBUTION:  X 

3370  TCHTG/TTGU~P  -  300;  TTVSA  -  1 
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Frame  1 


Shown  below  Is  a  schematic  of  the  Bomber  Air  Conditioning  System. 
This  programmed  text  will  go  through  the  nomenclature  (name)  and 
purpose  of  each  component  part  of  the  system  beginning  with  the  Air 
Conditioning  System  Shutoff  Valve.    Look  over  the  schematic  to  find 
the  source  of  bleed  air  and  to  get  an  idea  where  each  part  is  located. 


TIMrilATUtl  CONTff<»i  f  AKtt 


co»iT»on      t  p  p: 


€DM«»t 


CAM* 

Mtiia 


4« 

tfLlAM 

■lift 

ro»tiif>4)fe 

MO  l*L1f«MAl|   *c  :nc>mal 


Refer  ti  the  schematic  above  and  place  the  letter  T  in  the  blank 
space  before  each  of  the  following  statements  that  are  true. 

^  ^1.      The  normal  source  of  bleed  air  is  Stru    No.  2. 

2.      The  alternate  (emergency)  source  of  bleed  air  is  Strut  No.  3. 

 3.      Tlie  Air  Conditioning  System  Shutoff  Valve  is  used  to  open 

close  the  bleed  air  supply  line  going  to  the  air  conditioning 
system. 


3 


AoflvcM  to  Frane  1:    1*    X   ^*    1  X 


TtBsm  2 

The  first  valve  In  the  Bomber  Air  Conditioning  System  Is  the 
Air  Conditioning  Shutoff  Valve •   pile  valve  Is  driven  by  a  single- 
phase  118  volt  A-C  motor.      This  valve  has  two  purposes.  First, 
the  valve  opens  to  let  engine  bleed  air  into  the  air  conditioning 
systep  for  normal  system  operation.    Second,  this  valve  closes  to 
shut  off  airflow  to  the  air  conditioning  system  when  the  system  is 
not  in  use  or  in  case  of  an  emergency. 


>CNGJNE  AIR  SLflO 
CROSSOVER  WANIFOLO 


B0^40lNG  JUMPER 


BONDING  JUMPER 


ELECTRICAL 
CONNECTOR 


Pill  in  the  blanks  to  complete  the  following  statements. 

1.      The  first  valve  in  the  Bomber  Air  Conditioning  system  is 
the    


valve. 


The  Air  Conditioning  Shutoff  valve 
to  allow  bleed  air  to  flow  into  the 


system. 


The  air  conditioning  shutoff  valve  

to  stop  bleed  air  flow  into  the  Air  Conditioning  System. 
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Answers  to  Frame  2:    1.    air  conditioning  shutoff 

2^    opens  cabin  air  conditioning      3*  closes 

Frame  3 

The  Catalytic  Filter,  shown  below,  is  the  next  unit  in  the  sequence 
of  airflow.    The  filter  is  installed  to  remove  contamination  in  the  air 
supply. 

There  are  two  types  of  filter  elements  (8).    Tlte  catalytic  elements 
consists  of  a  granular  substance  (Hopcalitc)  which  'is  held  in  place  between 
the  screens  and  fiberglas.    There  are  two  of  these  elements  in  the  filter, 
which  turn  any  obnoxious  gases  and  vapors  into  harmless  products. 

There  are  also  two  particulate  elements  (3),  one  on  each  side  of  the 
filter  unit,  these  elements  screen  out  any  solid  particles. 


1.  Any  obnoxious  gases  and  vapors  such  as  fuels  and  oil  fume3 
are  turned  into  harmless  products  by  the  catalytic  element. 

2.  Two  catalytic  elements  and  one  particulate  element  are 
installed  in  the  filter. 


^3.      'Die  overall  purpose  of  the  catalytic  filter  is  to  remove 
contamination  of  any  sort  from  the  air  supply. 


Answers  to  Frame  3:    1.    T      2.    F      3.    T  ^ 
Frame  4 

The  Pack  Pressure  Limiter  (5),  shown  in  the  picture  below,  keeps 
an  even  airflow  through  the  air  conditioning  systeta.    This  valve 
will  regulate  system  airflow  to  approximately  140  lbs  per  minute. 

Go\>ack  to  page  3  of  this  text  and  look  at  your  air  conditioning 
schematic*    You  will  notice  that  airflow  from  the  pack  pressure  limiter 
flows  in  two  directions.    Airflow  from  one  direction  flows  to  the  heat 
exchanger.    Air  flow  from  the  other  direction  flows  to  the  air  conditioning 
modulating  valve.    First,  we  will  discuss  airflow  to  the  heat  exchanger. 


Circle  the  number  of  the  statement  that  best  describes  the  purpose 
of  the  pack  pressure  limiter. 

1 .  The  pack  pressure  limiter  maintains  the  rated  airflow 
c^»paclty  of  the  air  conditioning  system  at  approximately 
140  lbs  per  minute. 

2.  The  pack  pressure ^limiter  maintains  a  constant  flow  of 
ram  air  Into  the  air  conditioning  system. 
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Answer  to  Frame  4: 


Write  the  letter  of  the  component  found 
space  provided  to  the  left  of  the  purpose  In 


Frame  5 


1. 


2. 


4. 


5. 


6. 


Column  A 

Regulates  the  system  airflow  to 
approximately  140  pounds  per 
minute. 

Used  to  open  and  close  the  air 
supply  line  going  to  the  air 
conditioning  system. 

Changes  any  obnoxious  gases  and 
vapors  Into  harmless  products. 

Removes  solid  particles  from 
the  air. 

Normal  source  of  bleed  air. 
Emergency  source  of  bleed  air. 


In  column  B  In  the  appropriate 
column  A. 

Column  B 

a.      Air  Conditioning  System 
Shutoff  Valve 

tlculate  Element 

c.  Catalytic  Element  » 

d.  Pack  Pressure  Limiter  , 

e.  Strut  No.  3  * 

f .  Strut  No.  1 

g.  Strut  No.  2 


3Gi 


^S"?©  ,      H     2     a     3.    c     4.    b     5.    g  e.Aa 

Answer,  to  Frame  5:    1.    d     Z-    «  j 

Frame  6 

leading  edge  of  the  left  wing. 

.     li  »^  flir  flowing  through  the  heat  exchanger  is  cooled 
Engine  ^^^^^^f  the  ram  air  inlet  (shown  in  the  sketch), 

by  ram  air  ent-^J'^f,^^^  ^^ross  the  heat  exchanger  core  cools  the 
The  ram  air  which  ^  from  the  bleed  ai    to  the  ram 

ilr'  iL^rioiar^oriiiris^^c^^npUshed  by  the  water  injector,  ^ich 
will  be  described  to  you  in  Frame  12. 


WATER 

INJECTOR  


AIR 

CONDITIONING 
RAM  AIRSCOOP 


HEAT  EXCHANGE^ 


Place  the  letter  T  in  the  blank  space  before  each  of  the  following 
that  are  true  statements. 

'  1  The  heat  exchanger  cools  the  engini  bleed  air  by  transferring 
  '      heat  energy  from  the  bleed  air  to  the  ram  air. 


2. 


3. 


Pam  air  from  a  scoop  in  the  leading  edge  of  the  left  wing 
circulates  around  the  tubes  of  the  heat  exchanger. 

If  the  ram  air  scoop  becomes  blocked,  the  flow  of  ram  air  would 
stop.    This  would  cause  the  engine  bleed  air  to  leave  the  heat 
exchanger  at  the  same  temperature  at  which  it  entered. 
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Answers  to  Frame  6:    1.    T      2.    T      3.  T 


Frame  7 


Match  each  purpose  given  below  wiih  a  component  in  the  illustration 
and  write  the  number  from  the  illustration  in  the  space  provided. 


CIFIMI  i'ATXW^  J  j 


n 


•If  !0%OW«CI 


1.  Used  to  open  and  close  the  air  supply  line  going  to  the 
cabin  air  conditioning  system. 

2.  Regulates  the  system  airflow  to  approximately  lAO  pounds  per 

minute.  , 

3.  Cools  the  engine  bleed  air  by  transferring  heat  energy 

from  the  bleed  air  to  ram  air. 

4.  Removes  any  contamination  such  as  solid  particles  and 
obnoxious  gases  from  the  air. 

5.  Normal  source  of  engine  bleed  air. 

6.  ':njprgency  source  of  bleed  air. 
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Answers  to  Frame  7:    1.     7      2.    13      3.    22^    4.    11      5.    2      6.  1 


Frame  8 

The  Air  Conditioning  Pack  Turbine  Fan  Assembly,  shown  in  the 
sketch,  will  give  maximum  cooling  of  bleed  air.    The  turbine  cools 
the  engine  bleed  air  by  converting  heat  energy  to  mechanical  energy 
and  by  rapid  expansion.     The  fan  provides  a  load  to  prevent  over- 
speeding  of  the  turbine.    Th**  fan  is  driven  by  the  expansion  turbine. 


All  CTCUNO 
MACHiNi-  SCHEMATIC 


PACK  MNTUCiNG 
MlXtNO  CHAMltl 


Place  the  letter  T  alongside  each  of  the  following  that  are  true 
statements. 


• 


_1,      The  turbine  wheel  cools  the  engine  bleed  air  by  converting 
heat  energy  to  mechanical  energy  and  by  rapid  expansion. 


The  fan  provides  a  load  to  prevent  overspeedlng  of  the 
turbine  and  circulates  ram  air  through  the  heat  exchanger. 


3.      The  maximum  temperature  drop  of  the  bleed  air  takes  place 
across  the  turbine. 


4,      The  engine  bleed  air  cooled  by  the  turbine  comes  from  the 
ram  air  scoop  in  the  leading  edge  of  the  left  wing. 
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Answers  to  Frame  8*1.    T     2.    T      3.    T  ^.F 

Frame  9 

f 

The  cold  air  which  Is  being  discharged  from  the  turbine  will  then 
flow  Into  the  water  separator.  Tlie  water  separator  takes  the  moisture 
out  of  the  air,  which  will  reduce  fogging  or  snowing  in  the  cabin. 


As  the  cooled  air  enters  the  water  separator  it  flows  through  , 
a]  condensor  screen  (2)  made  of  a  fiberglass  fabric.    The  coodensor 
s/fcreen  Is  mounted  on  k  cone-shaped  grid  (5)  with  louvered  openings . 
fh  passing  through  th^  screen,  water  vapor  is  condensed  into  droplets 
wh\ch  pass  into  the  eliminator  (3)  and  ,^re  thrown  rapidly  outv/ard 
by  \he  roj^rt-tn^-^rc^  caused  by  the  air  passing  through  the  louvered 


IROM  WATel 
SEP  ARATOI 
IVP ASS 
VAtVE  ^ 
CONTROl 


CONOENSOt  SCREEN 


DRAIN  FITTING 


Circle  the  letter  of  the  statement  that  best  describes  the  purpose 
of  the  water  separator. 

A.  The  water  separator  removes  moisture  from  the  heat  exchanger 
ram  discharge  air, 

B.  The  water  separator  removes  moisture  from  the  cooled  turbine 
discharge  air  and,  thus,  reduces  fogging  or  snowing  in 

the  control  cabin, 

C.  The  water  separator  removes  moisture  from  the  ram  air 
entering  the  cabin. 


11 
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Answer  to  Frame  9:  b 
Frame  10 

The  water  separaior  bypass  valve  (1)  Is  a  part  of  the  water 
sepiracor.    The  valve  is  us.-d  to  bypass  the  water  separator  coivienser 
screen  under  two  condUions.     Above  36,000  feet,  the  bypass  valve 
will  open  to  allow  the  cooled    ir  to  bypass  the,  condcirser  screen; 
th<=>  bypass  valve  will  also  open  if  thp  condenser  screen  gets  iced 
up  or  clogged. 


f  QOM    W  AT>  t 
5(    A  it  Al  OR 
*  ♦ »»  A  5S 


CONDtNSOR  SCREEN 


DRAJN  FITTING 


Place  th^  ^eL'ter  T  alongside  e.ch  of  the  following  that  are 
true  statcTients. 

1.  The  water  seoarator  condenser  screen  is  bypassed  at 
  *      altitudes  above  36, COO  feet  because  of  the  lack  of 

"loif^ture  In  the  air. 

2.  I.  ing  or  clo^^ging  of  the  condenser  screen  will  cause 

.3  higher  than  noriBal  pressure  dif f-renLlal  across  the 
scT^um  that  will  open  the  bypass  valve. 

3.  Hie  bypass  val.;e   is  installed  in  the  air  outlet  end 
v>f   the  Vc^l'ti  Si^arat-or. 

/i  ^ip.^nlng  the  Lvp.-.s  v.-lve  forces  the  .  ooled  air  through 
th«^  screen  instead  .f  lettiig  the  cooled  air  go  around 
t  he   SI.  r  L  r n  * 
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Answers  to  Frame  10:     1.    T      2.    T      3.     F      4.  F 

Frame  11 


\^en  the  air  conditioning  system  is  on  and  the  aircraft  is  flyinr 
above  Jo, 000  feet,  the  water  separator  bypass  valve  control  opens.  When 
the  v-ilve  is  energized,  it  opens  to  permit  bleed  air  pres<^*ire  to  flow 
from  a  porgt  at  the  top  of  the  air  conditioning  pack  to  the  control  chamber 
of  the  water  separator  bypass  valve,  opening  the  bypass  valve.    Cooled  air, 
while  bypassing  the  condenser  screen,  then  flows  through  the  water  separator. 
The  water  separator  bypass  valve  control  is  a  solenoid  operated  air  valve. 
Refer  to  the  two  Illustrations  shown  and  then  read  each  statement- ou  the 
next  page 'and  place  the  letter  T  beside  each  of  the  true  state  is. 


ASM    THflMAl  ASM    THERMAl    CONDITIONING  SYSTEM 


f  UMiNT 


Frame  11  ^Continued) 

1.      The  water  separator  bypass  valve  control  Is  a  solenoid 
'  operated  air  valve. 

2  The  water  separator  bypass  valve  control  will  permit  high 
 pressure  air  to  flow  from  a  port  on  the  air  conditioning 

pack  to  the  control  chamber  of  the  water  separator  bypass 
valve  and  force  the  bypass  valve  open. 

3  Opening  the  water  separator  bypass  valve  will  allow  cooled 
 ■  *      air  to  bypass  the  water  separator  condenser  screen. 


14 


Answers  to  Frame  1-    T      2.    T      3.  T 


Frame  12 


The  uoisture  from  the  water  separator  will  flow  in  two  separate 
directions  as  shown  by  the  arrows  on  the  schematic. 

The  water  injector  shown  sprays  water  over  the  heat  exchanger 
coils  to  provide  additional  cooling  of  the  engii  e  bleed  air. 

The  water  trap  is  a  float  actuated  drain  valve.    The  trap  is 
used  to  let  the  separated  wi.ter  be  removed  from  the  system  without 
the  loss  of  air. 


t 


connktjCn 


r 


Refer  to  the  lljustration  ^>hown,   thr  .  read  each  statercnnt  below 
lad  place  the  letter  r  beside  each  statcru-^nf  tliat  is  true. 

1*       Additional  cooling  of  tlie  cDv^ine  blood  air  is  pruv^lded 
by  che  water  injectrr. 

_  separated  rmilsture  will  flow  to  the  watei.'  trap  and 

r  he  ^'.ater   InjL^  t  or  . 


lERJC 


Frame  12  (continued) 


J. 

5. 


The  water  trap  is  electrically  operated. 

The  water  trap  is  a  float  opu^ated  drain  valve. 

The  removal  of  the  separated  water  without  the  loss  of 
air  Is  performed  by  the  water  trap. 


0.      The  water  injectoi  sprays  the  water  over  the  heat  exchanger 
colls  in  the  ram  air  portion  uf  the  heat  exchanger. 


|ERJC 
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Answers  to  Frame  12:    1.    T    2.    T      3.    F     4.    T      5.    T     b.  i 


13 


Review  Quiz 


Write  the  letter  ot  the  component  found  In  column  B  in  the  appropriate 
space  provided  to  the  left  of  the  purpose  in  column  A, 


Column  A 

^1.      Sprays  moisture  over  the  heat  exchanger 
coils  and  provides  ac^ditional  coding  of 
the  engine  bleed  aix • 

1.      Cools  the  engina  bleed  air  by  rapid 
expansion  and  converting  heat  enOLfgy 
to  mechanical  energy. 

^3.      Permits  the  removal  of  the  sepa^atjed 
water  without  the  loss  of  air/ 

4.  Removes  moisture  from  th?  pack  air 
output  and  thus  reduces  fogging  or 
snowing  "in  the  cabin. 

5.  Provides  a  load  for*  the  turbine  to 
prevent  overspeeding  and  circulates 
ram  air  tlirough  the  heat  exchanger. 

^6.      Permits  air  pressure  to  flow  from  a 
port  on  top  %l  the  air  conditioning 
pack  to  the  control  chamber  of  the 
water  separator  bypass  valve. 

7.  Condenst^s  the  water  vapor  into  water 
droplets. 

8.  Opens  above  36,000  feet  to  allow 
cool"»d  air  to  bypass  the  o  ndenser 
screen. 

9.  Opens  to  bypaas  the  condenser  screen 
when  the  screen  becomes  plugged  or 
frozen. 


Column  B 
a.  Turbine  wheel 
b-      Fan  Inqjelltfr 

c.  Water  Separator 

d.  Condenser  Screen 

e.  Louvered  Grid 

f.  Water  Separator 
Bypass  Valve 

g.  Water  Separator 
Bypass  Valve 
Control 

h.  Water  Injector 

i.  Water  Trap 
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Answers  to  Frame 


Frame  14 


13:    1.    h    2.    a    3.    1    ^.    c    5.    b    6.    £;  7. 
8.    -    9.  f 


Match  each  purpose  given  below  with  a  component  in  the  sketch 
and  write  the  rumber  from  the  sketch  in  the  appropriate  space  near 
each  purpose. 


ERIC 


1.      Sprays  tools ture  over  the  heat  exchanger  coils  and  provides 
additional  ccollng  of  the  engine  bleed  air. 

_2.      Cools  the  engine  bleed  air  by  rapid  expansion  and  converting 
heat  energy  to  mechanical  energy* 

3.      Pe^  nits  the  removal  of  the  scp...at:ed  water  without  the 
loss  of  air* 


J  " 

/  /  375 


frame  14  (Continued) 

ck  air  output  and,  thus, 
n  the  control  cabin* 

5,      Provides  a  l^id  for  the  turbine  to  prevent  overspeedlng 
and  circulates  ram  air  through  the  heat  exchanger, 

&•      When  energized  open,  permits  air  pressure  to  fl  w  from 

a  port  on  top  of  the  air  conditioning  pack  to  the  control 
chamber  of  the  water  separator  bypass  valve, 

7,      Will  open  when  the  condenser  screen  becomes  plugged  or 
frozen  or  at  altitudes  above  36,000  feet,  ^ 


ERLC 
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Answers  to  Frme  14:  1 


20    2.    15    3.    16    ^.    li    5.    17  6. 


10 


Frame  1 


The  oack  anti-icing  valve,  as  shown  in  the  sketch,  is  mounted 
on  thr  ^ircondrtLning'pack.    The  purpose  of  this  valve  is  tp  keep 
Sck  output  temperatures  from  dropping  below  the  freezing  point. 
r^U  vSve  is  controlled  by  the  pack  anti-icing  sensing  element  and 
the  pick  temperature  controller.    When  the  valve  is  °P^nf 'Z''^™ 
Ilr  wm  fC  int.  the  turbine  discharge.    Above  36.000  feet,  the 
valve  ic  closed  by  actuation  of  the  aneroid  pressure  sw^tcn.  ihe 
valve  is  powered  by  a  118  volt  AC  mocor. 

TURBINE  BYPASS 
DUCT 


©ELECTRICAL 
CONNECTOR 


VALVE 
FLANGE 


) VALVE 
ACTUATOR 


Pack  Anti-Icing  Valve 


Place  the  letter  T  beside  each  of  the  following  statements  that 
are  true. 

1.      By  keeping  the  pack  output  temperatures  above  the  freezing 

  point,  the  anti-icing  valve  will  keep  the  water  separator 

from  freezing. 

1.      The  pack  anti-icing  valve  is  controlled  by  the  pack 
'         anti-Icing  sensing  element  and  the  pack  temperature 
controller. 


EMC 


3  The  rarV  ,inti-lcJng  valve  will  control  the  flow  of  warm 
■"  *      air.  20 


Frame  15  (Ccntlnuf^d) 


Above  25,000  feet,  the  pack  antl;:ycing  valve  is  closed 
by  the  aneroid  pressure  switcth 

The  pack  anti-icing  valve  is  closed  above  36,000  feet 

by  an  aneroid  pressure  switch  because  there  is  very  little 

moisture  in  the  air. 
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Ansvietrto  Frame  15:    1.    1    2 .    T    3.    T    4 •    I   5.  T 
Frame  16 

The  air  conditioning  pack  te:nperature  (38»F)  -"^^JJf 
the  a.tion  of  the  pacU  anti-ice  valve.    This  unit  opens  the  valve 
when  the  pack  discharge  air  drops  below  J  C 


AIR  CONDITIONING  PACK  3»*  CONTtOUW 


Place  the  letter  T  beside  each  of  the  following  statements  that 
are  true^ 

1  The  38°F  controller  will  open  the  pack  anti-ice  valve  to  let 
 warn  air  entir  the  turbine  discharge  if  the  pack  output  temper- 

ature  is  36  F. 

2  If  the  pack  output  temperature  was  at  AO-F    the  pack  temperature 
  '      controller  would  close  the  pack  anti-ice  valve. 

3  By  regulating  the  action  of  the  pack  anti-ice  valve    the  38°F 
  contrfller  controls  the  pack  output  temperature  and  tends  to 

keep  it  at  38'F. 

A       The  pilot  must  select  the  temperature  he  would  like  to  nave 

 lalntalned  in  the  turbine  discharge  duct.    Once  selected,  the 

controner  positions  the  pack  anti-ice  valve  to  maintain 
that  temperature. 


ERIC 
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Answers  to  Frame  16:1»T      2.T-3.T  4.F 

Frame  17 

The  pack  anti-icing  sensing  element  is  located  in  the  cold  air 
outlet  duct  of  the  water  separator.     The  anti-icing  sensing  element 
has  a  negative  coefficient  of  resistance.     It  is  connected  to  the 
pack  temperature  (38''k)  controller.    The  sensing  element  is  used 
with  the  38'F  controller  to  regulate  the  opening  and  closing  of  the 
pack  anti-icing  valve.     Place  the  letter  T  beside  each  of  the  following 
statements  that  are  true. 


1.  If  the  temperature  around  the  sensing  element  increased, 
the  resistance  of  the  sensing  element  would  decrease. 

2.  If  the  temperature  around  the  sensing  element  dropped 
to  36**F  the  resistance  of  the  sensing  element  would 
Increase  and  the  38**F  controller  would  open  the  pack 
anti-icing  valve. 

5.      Increasing  the  air  temperature  ir  the  water  separator 
outlet  to  40**F  would  decrease  the  resistance  of  the 
sensor  and  cause  the  38**F  controller  to  open  the  pack 
anti-icing  valve. 

A.      By  sensing  the  temperature  of  the  air  in  the  water  separator 
outlet,  thi  anti-icing  sensing  element  keeps  the  water 
separator  from  freezing. 
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Answers  to  Frame  17:    1.    T    2.    T    3.    F    4.  T 
Fr  8 

The  aneroid  pressure  switch  Is  normally  closed.     It  raoves  to 
the  open  position  at  36,000  (±2,000)  feet  pressure  altitude.  When 
the  altitude  pressure  switch  opens.  It  energizes  the  water  separator 
bypass  valve  control  and  closes  the  pack  antl-lclng  valve. 


ANEROID 
SWITCH 


© 


MOUNTING 
RACK 


Place  the  letter  T  beside  each  of  the  following  statements  that 
are  true. 


1. 


2. 


3. 


The  aneroid  pressure  switch  opens.  It  energizes  the  water 
separator  bypass  valve  control  at  36,000  feet  and  closes  the 
pack  anti-ice  valve. 

Since  there  Is  very  little  moisture  liV  the  air  at  altitudes  above 
36,000  feet  and  the  water  separator  is  being  bypassed,  the 
aneroid  pressure  switch  closes  the  pack  antl-lclng  valve. 

The  aneroid  pressure  switch  moves  to  the  open  position  by  the 
atmospheric  pressure  at  36,000  feet. 
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Answers  to  Frame  18:    1.    T      ^.    T      3.  T 


Review  Quiz 


Frame  19 


Place  the  l-tter  of  the  unit  in  column  B  alongside  the  purpose 
that  corresponds  to  it  in  column  A, 


Column  A 

1.  Has  a  negative  coefficient  of 
iTpsis  tance  • 

2.  Keeps  the  pack  output  temperature 
above  the  freezing  point. 

3.  Actuates  to  the  open  position  at 
36,000  feet  pressure  altitude. 

4.  Controls  th2  action  ot  the  pack 
ant i' ice  valve. 

5.  When  open,  admits  relatively  warm 
air  into  the  turbine  discharge. 

6.  Closes  the  pack  anti^-^ce  valve 
above  36,000  feet. 

J.      Energizes  the  vater  separator 

bypass  valve  control  above  36,000  feet. 

_8.      Opens  the  pack  anti-ice  valve  when 
pack  output  t<=imperature  falls 
beiow  38**F. 


9.      Works  in  conjunction  with  temperature 
controller  to  regulate  the  action  of 
the  pack  anti*.   ^  valve. 


Column  B 

a.  Pack  Anti  • 
icing  Valve 

b.  Air  Condit:Ioning 
Pack 

ConLioller 

c.  Anti-icing 

Sensing 
Element 

d.  Aneroid  Pressure 
Switch 


t 


ERIC 
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IhO^     .    ^         ,o.     1      c    2.    a    3.    d  b    5.    a    6.    .d    7.  d 

Answers  to  Frame  19:     1.     c    ^.  a 

8.    b  9* 

Fraxne  20 

1  t'Uc.  -XR^V  rontrol  system.    These  parts  )ire 

fn^         a"  JoidU?oning,;ack  anti-icing  sensing  element. 

Place  a 'circle  around  the  number  of  the  component  parts  that 
are  included  in  the  pack  anti-icing  system. 

I.  fack  preasure  limiter. 

,    2.  Aneroid  pressi^re  switch. 

.  3.  Water  separator  bypass  valve. 

4.  Pack  anti-icing  valve.  . 

5.  Water  trap. 

6.  Anti-icing  sensing  tlement. 

7.  Catalytic  filter. 

8.  Air  conditioning  system  shutoff  valve. 

9.  Turbine. 
10.  Blower. 

II.  Heat  exchanger. 

12.      38°F  temperature  controller. 

-13.  Water  separator. 
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Answers  to  rratnt  20:    2,    4,    6,  12 


Frame  2X  * 


Now  let  us  follow  the  path  of  airflow    ^own  by  the  arrows  In 
the  schematic  below.    This  path  will  deliver  hot  air  to  the  cabin 
area.    We  shall  discuss  each  of  the  units  individually  in  the  aext 
few  frames. 


►»LCn  57  4' 'ON 
[^CAtlN  TIM^IIATUII  CONTIOl  ^ANIl 


J!BlCT'iST*TlOl 

\r»t»  nuTil  TJ 


Jl 


.6>  >TtUT  fl>C«SI«UT 


roktiN 


No  Response  Required 


ERIC 
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38^1 


7^/0 

The  air  conditioning  modulating  valve  controls  the  temperature  of 
the  crew  compartment  by  varying  the  amount  of  the  hot  air  entering  the 
cabin.     Opening  the  valve  increases  the  flow  of  hot  air  to  the  cabin, 
while  closing  the  valve  decreases  the  amount  of  hot  air  going  to  the 
cabin.     This  valve  can  be  et)ntrolled  automatically  by  the  cabin  temper 
ture  regulator  or  manually  by  the  cabin  temperature  control  switch. 


Place  the  letter  T  beside  each  of  the  following  statements  that 
are  true. 

 1.      To  increase  the  temperature  of  the  cvew  compartment,  the  air 

conditioning  modulating  valve  is  opened. 

2.      To  decrease  thej tem.perature  of  the  crew  compartment,  the  air 
conditio|^ing  mo^julating  valve  is^  closed. 

 3.    '  By  varying  the  position  of  the  air  conditioning  modulating 

valve,  the  amount  of  hot  air  going  to  the  cabin  is  varied. 

 l\  ^      The  air  conditior.ing  modulating  valve  is  controlled  manually 

by  the  cabin  temperature  regulator  and  automatically  by  the 
cabin  temperature  control  switch.  * 

/ 


ERiC 


Answers  to  Frame  22:    1.    T    2.    T    3.    T    4.  F 


Frame  23 


The  hot  air  muffler  is  in  the 'hot  aiV  line  leading  int<^  the 
cabin.    This  muffler  is  ysed  to  absorb  valve  noise  and  to  prevent 
noise  transmission  through  the  air  conditioning  ducts  to  the  crev 
compartment • 


Place  the  letter  T  beside  ^ach  of  the  follow '.ng  statements  that 
are  true. 

 ^Jl.      a  malfunctioning  muffler  could  cause  the  air^  coming  in 

from  the  crew  outlet's  to  be  very  noisy.  ) 

^  2.      The  muffler  is  mounted  in^  the  hot  air  line  leading  to  the 

heat  exchanger. 


ERLC 
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Answers  to  Frame  11'.         jj.    2.  Fy 


Frame  24 


at/ 


The  check  valve,  shown  in  the  schematic. on  th?  right,  prevents 
the  possibility  of  rapid  cabin  depressur ization   .ae  to  a  failure 
of  a  dvxt  or  coupling  outside  the  pressurized  area  of  the  aiiplane. 

.The  check. v^lve  will  allow  air  to  tla^  only  /n  one  direction 
and  the  arrow  on  the  valve  indicates  the  dii^jctlon  of  airflow. 


CA«lN  AR^A 


\ 


A8CA  jl 


> 


CHECK 
VAl  VE 


AiR 

CONDiTiONING 
MODULATING  ( 
VALVE 


^!R  CON 

DfUON'NG 
SMUTQf f 
VALVE 

CATALYTIC 
M»TER 


PRESSURE 
LiMlTEt 

iMASS  flCW 

CONTROL 

VALVEl 


Refer  to*the  schematic  shown,  then  read  each  of  the  statements 
belpw  and  placg  the  letter  T  in  the  blank  space  beside  each  statement 
that  is  true. 

1.  The  check  valve  will  allow  airflov^  in  one  direction  only. 

  .     ,  "   ,  •  i 

2.  The  check  valve  would  prevent  rapid  cabin  depressurization 
'        "         if  one  of  the  clamp^  on  th?t  muffler  failed.  i 

^3.      The  arro\^  on  the  check  valve  denotes  the  direct ipn  of 
outflow*  , 

4.      The  check  valve  would  prevent  rapid  cabin  dtjp^ssurization 
if  .the' duct  between  the  caualytlc  filter  and  /ressure 
limiter  W3S  defective. 


) 
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Answers  to  Frame  24:    1.    T    2.    T    3.    T    4.  T 


Frame  25 


Place  the  letter  of  the  unit  1t>  coluirm  B  alongside  the  purpose-  . 
that  corresponds  to^lt  in  column  A. 


Column  A 

1.  This  unit  is  used  to  absorb 
valve  noise  and  prevent  its 
transmission  through  ducts 
to  the  cabin  area.  * 

2.  Controls  the  temperature  j 
of  the  crew  compartment  by 
varying  i:he  amount  of  hot 
air  admitted  .to  the  cabin. 

3.  Prevents  the  possibility 

of  rapid  cabin  depressuriza- 
t ion  due  to  falliire  of  a 
duct  or  coupling  outside 
tlie  pressurized  area  Of 
the  aircraft. 


Column  B  ^ 

a.      Air  Conditioning 
System  Moiulatlng 
Valve 

'^b.^;    Hot  Air  Muffler 

c.      Check  Valve  \ 
t 


Ans'we«  to  Fr.une  25:  'l."  b      2.    a      3.  c 

Ptame  26  ^  .  *  - 

«,f.h  o.Jh  ourpose  glvsn  bilou  with  a  coni.onent  In  '^'"^ 
.and  wfue         n^:::?  f.oS  .he  sMtih  in.the  ,pp;opria>e  sp.ce  near 
each  purpose.* 


1. 


3. 


Prevents  turbine  output  temperature^str^iJi/dropping  b^low  freezing 
point,  downstream  from  the  turbine  Which  could  cause  an  ice 
luild-'up.  ^ 

Regulates  the  actipn  of  the  pack  anti-icing  valve  in  ' 
conjunction  with  the  38°F  controller • 

This  unit^is  a^aridf)le  resistance  temperature  sensing 
element  witl/a  negative  coefficient  of  resistance- 

Controls  the  temperature-  of  the  crew  compartment  by 
varying  the  amount  of  hot  air  admitted  to  the  cab4n. 

'Absorbs  valve  noise  and  prevents  noise  transmission  through 
C  the  ducts  to  the  cabin  area, 

_6.      Prevents^  the  possibility  of  rapid  cabin  depressurlzation 
due  ^to' a  failure        a  (luct  or  coupling  out-^de  thf- 


5. 


pressurized  arna'et  tlie  aircraft 

32 


33ii 


•  •?  *  . 

Answers  to* Frame  26: 


1. 
6. 


8. 


•2. 


23 


3.    23  4. 


14 


5. 


12 

Frame  27 


The  next  few  frames  will  cover  the  units  ouclined  by  the  ';ircles 


in  the  schematic  shown  below, 
also  be  discussed. 


Th6  cabin  regulator  (not  shown)  wilt 


No  Response  Required 


ERIC 
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33  3:^0 


Frame  28  *  •  ' 

'  The  cabin  temFerature..8€fi-sltrg  element  senses  the  teHjperatttre 
of-thrair  m  the  caUin'/  Find  the  vent,ln  ^he  sketd..    This  vent 
±1  fllsh  with  ;tbe' outside  skin,  of  the  plane.    The  vent  is  used  to  , 
ffJaw'^bln  al'r-^ar  the  c^abln -sensing  element.    The  yenturi  restricts 
S^!^m>ow  over  the  sensing  element.    This. sensing  element  has 
a-Jiegatdv/coefficient  of  resistance^. 


Z'      CABIN  T£MPERATU<?€ 
SENSING  ELEMENT 


SPNS9R 

SUPPORT  PANt.L 


Place  the  lettSr  T  beside  each  of  the  -following  statements  that 
are  true. 


.1. 
_2. 
3. 


An  increase  in  temperature  in  the  cabin  will  causa  the 
resistance *of  the  sensor  to* decrease. 

An  increase  in  c^in  temperature  will  cause  the  resistance 
of  the  sensor"  to  increase. 

The  cabin  sensor  installation  is  vented  to  the  atmosphere 
to  make  sure  there  is  an  airflow  over  the  seiising- element. 
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Answers  to  Frame  2B>: ,  1.    T  ^  2.    F      3.  T 


Frame  29 

The  duct  temperatyre^  sensing  element  senses  the  temperature 
in  the  two  main'  ducts  which  are  do\mstreaK;  of  tl.e  muffler  and  the  . 
water  separator.     It  provijjes  signals  to  the  electronic  cabin 
temperature  regulator  for  the  control  of  the  air  conditioning  system 
modulating  valve.     The  e^-em^nt  contains  two  sensors  one  with  a  rapid 
response,  the  other  with  a  slow  response 
temperature  resistance  coefficient.  ' 


ThBse  sansorsL  have  ^  positive 


^OLD  AIR 
TUBf 


are 


Place  the  letter  T  beside  each  of  the  following  statements  that 
true. 


Increasing  the  amount  of  hot  air. entering  the  mix  box 
will  increase  the  resistance  of  the  sensing  element. 

The  term  positive  temperature-resistance  coefficient 
means  that  as  the  temperature  surrounding  the  duct  1 
ter  )erature  sensing  element  increases,  the  resis|:ance 
of  the  sensors  will  incirease. 

Two  sensors  can  be  found  in  the  duct-  temperature  sensing 
element;  one  with  a  fast  response  and  one  with  a  slow 
response.  . 

Tae  cabin*  temperature  regulator  receives  signals  from  the 
duct  temperature  sensing  element  and  varies  the  position  of 
the  air  conditioning  modulating  valve. 


^5.      Airflow  from  the  two  main  ducts,  which  are  downstream 
of  the  muffler  and  wat^^  separator,  flows  across  the 
duct  temperature  sensing  element. 
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Answers  to  Frame  29:  1. 
>     Frame  30 


2. 


3. 


4. 


5.  T 


The  temperature  control  selector  is  used  to  vary  the  temperature 
of  tha  cabin  air  inflow.    The  selector  has  two  ranges,  automatic 
and  manual. 

When  in  automatic,  the  electronic  regulator  controls  the  ten^jeracure 
automatically  with  this  selector  r.etting.     In  this  automatic  position 
the  t'iperatLe  control  selector  becomes  part  of  the  temperature 
regulator  bridge  circuit. 

Should  the  regulator  i.alf unction,  an  override  can  be  accomplished 
bv  turning  the  selector  to  .manual  range  and  holding  it  ^n  the  cooler 
or  wa  "er  position  until  the  incoming  air  is  at  ahe  desired  .temperature . 


5 


Read 
place  the 


3. 


A. 


3. 


TEMPERATURE  CONTROL  SELRCTO 


each  statement  below'.  refer-\o  the  illustration  and  then 
letter"!  beside  each  of  the  statements  that  are  true. 

If  the  temperature  selector  was  in  the  70°  position,  the 
cabin  temp^ratur*  regulator  would  control  the  temperature 
and  the  selector  wo^d  be  in  the^automatic  range. 

The  ."-cooler"  and  "warmer"  positions  on  the  selector  are 
the  manual  positions  and  are  used  if  any  portion  of  the 
automatic  system  fails. 

While  the  temperature  selector  is  in  the  automatic  range, 
it  becomes  pVt  of, the  temperature  regulator  bridge  circuit 
,and  rotating 'it  will  unbalance  the  bri(i^e  circuit.  • 

Changing  the  positiort  of  the  temperature  control  ^selector 
in  either  the  automatic  or  manual  range  will  vary  the 
temperature' of  the  air .entering  the  cabin.  \ 

The  Vbin  temperature  selector  is  used  only  during  automatic 
operation  6f  t\e  t; --porature  control  system. 
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Answers  to  iranie  30:    1.    T      2.    T' I 


5. 


Fwne  31 


The  cabin  temperature  regulator  (2)  Is  an  electronic  contiol.  Its 
function  is  to  automatically  keep  the  cabin  temperature  at  the  value 
selected.     Circuit  damping  adjustments  are?  accessible  on  the  front  cover 
of  the  regujiator.    The 'regulator  is  suBplied  with  24V  DC  to  28V  DC  and 
118  volt,  single  pht-se,  ^00  Hz*  power. 


SCREWS 


Place  th^  letter  T  beside  each  of  the  folloT/iug  statements  that 
are  trtie.  ^  •  .  * 

1.      The  cabiii  temperature  regulator  requires  two  sources  of 
"    pbwer,  28V  AG  and  118V  single  phase  60  cps  AC  for  operation, 


The  cablti  temperature  regulator  will  ma  'he  cabin 

temperauvre  at  the  valve  selected  hy  vaxy  >e  position 

of  the  air  conditioning  modulating  valve. 

Dampening  adjustments  can  be  found  on  the  front  cover 
p£  the  regulator. 
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Answers  to  Frame  31:    1.    ^'      2.    T      3.     T  ^ 


FrcJDe  32 


The  cabin  temperature  sensor,  duct  temperature  sensor^,  temperature 
control  selector,  temperature  regulator,  and  the  air  conditioning 
modulating  valve^are  the  component  parts  of  the  automatic  cabin 
temperature  control  circuit.    This  automatic  temperature  control 
circuit  is  designed  to  maintain  the  cabin  temperature  at  the  value 
selected  by  the  pilot,  ♦  ' 

^    Circle  the  number  of  the.  component  parts  that  make  up  the  cabin 
temperature  control  sy$tem  from  the  following  list. 

*■ 

1.  ■    Anti-ice  sensor 

2.  38*^F  temperature  controller 

3.  Duct  temperature  sensor 
A.      Cabin  temperature  regulator 

5.  Pack  anti-ice  valve 

6.  Air  corWitioning  modulating  valve 

7.  Temperature  control  selector 
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Answers  to  Frame  3^:     4,     5,     7,  8 


Review  Quiz 

Place  the  letter  of  the  unit  in  column  B 
that  corresponds  to  it  m  column  A. 

-  Column  A 


Automatically  maintains  the  cabin 
temperature  at  the  value  selected. 


Frame  33 


_2.      Senses  the  temperature  of  the 
air  in  the  c?bin. 

_3.      Used  to  jelect  the  temperature 
of  the  cabin  air. 

Senses  the  temperature  in  the 
two  maip  ducts  which  are  dov;n 
stream  of  the  muffler  and 
water  separator. 

_5.      Installed  in  cabin  sensor  vent 
line  to  restrict  the  airflow 
to  the  atmosphere. 

_6        Has  a  negative  coefficient  of 
resistance. 


J. 
8. 


Has  two  resistors  in  the  same 
housing. 

Has  a  high  positive  coefficient 
of  resistance. 


^9.      Has  two  ranges,  automatic  and 
manual. 


_10.      Can  be  turned  tJ  manual  to 
override  the  temperature 
regulator  if  a  malfunction 
appeared  in  the  automatic 
control . 


alongside  the  purpose 


Column  B 

a.  Cabin  lefnperature 
Sensing  Element: 

b.  Venturi 

c.  Duct  Temperature 
Sensing  Element 

d.  Temperature  Control 
Selector 


V 


Cabin  Temperature 
Regulator { 


( 
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Answers  to  Frame  33. 


1. 
7. 


2. 
8. 


a 
c 


d 
d 


4.  c 
10.  d 


b  ■  6. 


Frame  34  ^  ^  " 

The  air  conditioning  emergency  retractable  ram  a.r  scoop  Is 
used       provide  an  emergency  source, of  ram  air  for  cooling  and^ventl^ation 
of  the  c?ew  compartment  and  for  cooling  the  electronic  equipment. 
The  scoop  is  used  only  in  case  of  eraergency. 

When  the  scoSp  is^  in  the  closed  position,  it  is  flush  wifh  the 
aircr^t  skin.    A  flapper  type  check  val.vrwithin  ^^e  -oop  prevents 
airflow  from  the  cabin  through  the  scoop  when  the  cabin  is  in  the 
normally  pressurized  condition. 


DUCT 


f  IANG 
BOIT 


0'  I  Rt.RACTABlE 

MOUNTING  BOIT  BAM  AIRSCOOP 


Plag^  the  letter  T  beside  e'ach  of  the  following  statements  that 
are  true. 

1.  When  the  scoop  is  closed,  it  is  in  the  retracted  position 
and  flush  with  the  aircraft  skin.  ^ 

2.  The  flapper  type  check  valve  within  the  scoop  prevents 
'      a  loss  of  airflow  from  the  cabin  when  the  cabin  is 

pressurized  and  the  scoop  is  retracted. 

3.  The  scoop  is  opened  when  it  is  extended. 

4  The  cabin  area  can  be  cooled  and  ventilated  during  an 
  emergency  by  the  ram  air  obtained  from  the  ram  air 

scoop. 

5  The  electronic  equipment  located  in  th6  crew  compartment 
  can  be  cooled  during  an  emergency  by  the  ram  air  obtained 

from  the  ram  air  scoop. 
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Answers  to  Frame  34:     1.    T  .   2.    T      3.    T      4.    T      5.  T 

Frame  3ir 

The  air  conditioning  system  emergency  retractable  ram  air  scoop 
motor  is  equipped  with  a  tima  delay  circuit.    Th^s  circuit  cycles 
the  scoop  to  bo  extended  for  one  minute  and  to  be  retracted  for  12 
to  15  seconds.    This  cycling  is  used  for  de-icing  the  scoop  any  time 
that  the  scoop  anti-icing  circuit  is  energized. 

There  is  a  heating  element  around  the  inlet  scoop,  which  keeps  the 
ice  from  freezing  to  the  scoop  and  the  retraction  of  the  scoop  scrapes 
the  ice  off. 


?Ir    I  the  le't^er  T  beside  each  of  the  following  statements  that 
are  true. 

"   1.      The  timer  motor  causes  ice,  loosened  by  the  anti-icing  air 
scoop  heating  elements,  to  be  scraped  fiee  from  the  air 
scoop. 

 2.      rhe  timer  motor  is  energized  only  when  the  air  scoop  anti- 

icing  circuit  is  energized. 

 3.      The  timer  motor  will  cause  the  air  scoop  to  extend  for  one 

minute  and  retract  for  12-15  seconds  when  it  is  energized 
by  the  iAr  scoop  anti-icing  circuit. 
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Ant>wers  to  Frame  33: 


1,     T      2.  T 


3. 


Frame  36 

The  c  ^iii  pressure  master  switch  has  four  positions.     In  the 
"Ram**  portion  the  ram  air  scoop  is  extended  and  the  air  conditioning 
systeaT^hutoff  valve  is  closed,  stopping  all  the  bleed  air  flowing 
to  tne  air  conditioning  system.     In  the  "OFF"  position  the  ram  air 
SC09P  Is  retracted  and  the  air  conditioning  shutoff  valve  is  closed. 
In  the  "7.45  psi"  position,  the  cabin  air-conditioning  system  shutoff 
valve  is  open*ailowing  bleed  air  to  flow  into  the  air  conditioning 
system  and  I'eceive  normal  p^-essurization^    \^en  the  switch  is  placed 
to  the  "4.50  psi"  or  "Combat"  position  the  cabin  air  conditioning 
system  shutoff  valve  is  open.    The  cabin  pressurization  then  drops  ) 
to  a  lower  setcing  in  case  of  a  rapid  depressurization  during  combtit. 


'  4* 


Place  the  letter  of  the  switch  positions  in  column  B  alongside 


Column  A 

1.      Retracts  the  ram  air  Scoop  - 
and  closes  the  air  condition- 
ing system  shutoff  valve. 

1.      Extends  the  ram  air  scoop 

and  closer  the  air  conditioning 
system  shutoff  valve. 


column  A. 

Column  B 

a. 

Ram 

b. 

Off 

c. 

7.45  psi  or 

Combat  4.50 

_3.      Retracts  the  ram  air  scoop  and 
opens  the  air  conditioning 
system  shutoff  vaJve. 
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Answers  to  Frame  36:    1.  k 


2.    a      3.  c. 


FraiBe  37 


Place  tl-  letter  of\he  unit  or  cabin  pressure  master  j^witch 
position  from  column  B^in  the  blank  space  alongside  the  purpose 
that  corresponds  to  it  in  column  A. 


2. 


3. 


Column  A 

Extends  tha  ram  air  scoop  and  closes 
the  air  conditioning  systems  shutoff 
^alve •  V  ^ 

Causes  the  ram  aii:  scoop  to  retract 
and  extend  vhen  the  anti -icing 
^circuit  is* turned  on. 

^.etracts  the  ram  air  scoop  and  closes 
the  air  coni^itior^ng  sypteir  shut  off 
valve • 


A. 


5. 


Provides  an  femergency  source  of  ram 
^ir  for  cooling  and  ventilation  of 
the  crew  compartment  and  for 
cooling  elOTtronic  equipment 
located  In  the  crew  compartment  ^ 

t    Pre-^^ents  airflow^  from  the  cabin 

\  through  the  scoop  when  the  aircraft 

is  pressuri'Zed  and  the  acoop  is 

retracted*  — 


6. 


Retracts  the  ram  air  scoop  and  opens 
the  air  conditioning  system  shut off 
val^.       ^  J 


d. 
e. 
f . 


Column  B 

Retractable  Ram  Air 
Scoop 

Retractable  Ram  Air 
•  Scoop  Flapper  Valve 

Retractable  Ram  Air 
Scoop  Timer  Motor 

Ram  Position 

Off  Position 

7.45  psi  or  Combat 
4.50  psi  Position 
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^^^^  \-7      1      A      9      c      3      e  ^  4.    a  ,   5.    b      6.  ^  f 

Answers  to  Frame  37:    1.    a        *    -  ^  - 

Frame  38 

Katch  each  purpose  given  below  with  a  component  ir  the  sketch 
and  w^lte  tre  number  fcoJ^the  sketch  In  the  appropriate  space  near^ 
each  plprpose.  *^  '  ^ 

■      1        A-  . 


SAW  A.»vCOO» 

V«u'D^'  v»i.v| 


 ^1.  Senses  the  temperature  of  the  air  in  the  cabin. 

i                     2.  Senses  the  temperature  of  the  air  in  the  two      in  ducts 
  which  are  downstream  of  the  muffler  and  wateV  separator. 

_3.  Used  to  vary  the  t e.iperaLure  of  the  cabin  air  inflow. 

4.  Provides  an  einergency  source  of  ram  air  for  cooling  and 

I  '  ventilation  of  the  crew  compartment  and  for  cooUng 

k      '  ..-leclronic  equipment  found  in  the  crew  compartment. 

ERIC  ,  401 


Answe'^s  to  Frame  3C:    1.     3      2,    6      3,    4      4,  9 

Frame  39 

^  Match  each  purpose  given  below  with  a  coinp^ent  in  the  sketch. 
Write  the  number  sf rom  the  sketch  in  the  appropriate  space  near  each 
purpose*. 


1.  The  ram  position  at  this  switch  extends  the  ram  air  scoop 
and  closes  the  air  conditioning  system  shutoff  Va^ve. 

N 

2.  In  the  "7.43  position  or  the  4.50  psi  position  this  switch  , 
will  retract  the  ram  air  scoop  and  open  the  air  conditioning 
system  shutoff  valve. 

^3.  This  sensing  eletneu.  ^  is  a  negative  coefficient  of  resistance. 
>.  This  sensing  element  has  a  positive  coefficient  of  resistance. 
^5.    Jaas  a  manual  override  in  caae  the  automatic  system  fails. 
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Answers  to  Frame  3S:    1.    5      2.  'S  3      4^    6      S.  A 

« 

Frame  40  ^ 


*         Sei'ect  the  group  of  c6niponent  parts  that  m^ke  up  the  38''?  «G[itrol 
system. 


Group  A 


Group  B 


1/       Pack  Anti-Ice  Sensor         Cabin  Sensor 
"    Pack  Anti'Icing  Valve       Duct  Sensor 


Group  C 

Pack  Anti--Ice  Sensor 
Cabin  Sensor 


Pack  38°F  Temperature  ^      Modulating  Valve    .   Pack  Anti-Icing  Valve 


Cpntroller 
• 


iS^F'Ten^erature 
Cotitroller 


Cabin  Temperature 
Controller 


D 
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Answer  to  Frame  40:     Group  A 


/       Frame  41 


^  Select  the  group  of  component  parts  that  make  up  the  cabin 
cemperatufe  control  system.  ^ 


Group  A 

Pack  Anti-Ice  Sensor 
/ 

Pack  Anti-Icing  Valve 


38°F  Temperature 
Controller 


Group  B 

Cabin  Sensing  Element 

Duct  Sensing  Element 

"Mcfdulating  Valye 

Cabin  Temperature 
Controller 

Temi^erature  Control 


Group  C 
'Pack  Anti-Ice  Sensor 
Duct  Sensing  Element 
Modulating  Valve 
Temperatiire^  Control 


SS^^F  Temperature 
Controller 


.Answe?  to  Frame  41:    Group  3  ^  •    .  - 

Frame  42 

Match  each  purpose  given  below  wit<  a  component  in  the  figure 
on  the  foUowiHg  page  and  write  the  nu..ber  from  the  figur.  in  the 
appropriate  space  neaf  each  purpose.  ^ 


_1. 
_2. 
_3. 

'.-4. 


J>. 
7. 


8. 


9. 


10. 


11. 


12. 


IV 


13. 


14. 


15. 


_16. 
17. 


18. 


ERIC 


.The  no'rnal  source  of  engine  bleed  air.  .        ^  '  • 

The  emergency  source  of  engine  bleed  air. 
Regulates  the  system  airflow  to  approximately  140  lbs  per 
minute-  :  , 

Used  to  open  and  close  the  ai;:- supply  Une  going  to  the  cabin 

air  conditioning'  system.'  ^  ,  .  , 

Cools  the  engine  ble«d  aii^  by  trans^rring  heat  ene^gy*^  \^ 

frgm  the  bleed  .air  ,to  the  ram  air. 

Removes  any  contamination,  such  as  solid* particies  and 
;obn9xi«US^  gases,"  from  the  air. 
Prevents  the  possibility  of \rapid  .depress uri.zat ion  due 
to  a  failure  of  a  duct  or  coupling  outside  the  pressurized 
area.  -       .  - 

Controls  the  teflipe ratine  of  the  crew  compartment  by  varying 
the  amount  of^'hot  a\r  admitted^  to  the  cabin. 
Absorbs  valve  noise  and  prevents  noise  transmission  thrdtigh 
the  ducts  to  the  cabin  are^". 

Admits  warm  air  to  the  tbrbine  outlet  f^o  prevent  the  ,^ck 
output  temperature  from  dropping  below,  the.  freezing  po'i^t . 
Coo]^  the  engine  bleed  aii:  by  rapid  expansion \nd  converting 
heaf  6riergy  to  mechanical  energy. 

Sprays  moisture  over  the  heat  exchanger  toils'  atid  provides 

additiohal  cooling  of  the  engine  bleed  air, 

PrQ*Ldes  a  l^d         the  turbine  to  prevent!  overspending  and 

circulates  rZn  air  through  the  heat  exchanger. 

When  energized  by  the  aneroid  pressure  switch,  permits  air 

pressure  to  flow  from  a  port  on  top  of  the  air  conditionxng 

pack  Lothe  control  chamber  of  the  water  separator  bypass 

v|&ve . 

Removes  moisture  from  the  pacV  air  output  and,  thus,  reduces 
fogging  and  snowing,  in  the  control  cabii.. 
Provides  an  emergency  source  ot  ram  air  for  cooling  ai^d 
ventilation  of  the  crew  compartment. 

Per-iiKs  the  removal  of  the  separated  water  -without  the 
loss  of  air. 

Will  open  when  tha  condenser  screen  of  the  vater  separator 
becomes  clogged  or  frozen  over  with  ice  or  at  altit«des 
above  36,000  feet. 
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Answers  to  Frame  42: 

1.  2 

2.  1 

3.  13 
A.  7 

5.  22 

6.  11 

7.  8  ' 

8.  14 

9.  12  ■  , 

10.  19  •  , 

11.  15 

12.  .20  . 

13.  17 

14.  10   >  -i 

15.  18 

16.  9 

17.  16 

18.  21      ■  ^  =^  * 
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BOMBER  4IR  CONDITIONING  SYSTEM  WIRING  DIAGRAM 

OBJECTIVE 

Using  a  wiring  diagram,  identify  eight  (8)  causes  for  the  ten(lO) 
given  air  conditioning  system  troubles* 

EQUIPMENT 

Basis  of  Issue 
Tape  and  Tape  Player  1/student 
Colored  Pencil  Set  1/student 


IN§TRUCiIONS 

This  is  an  aijunct  workbook  to  be  used  in  conjunction  with  a  taped 
lesson* 

Information  on  the  purpose  and  operation       the  bomber  air 
conditioning  system  components  and  the  procedures  for  you  to  follow 
when  using-  this  workbook  are  given  by  tape  recorded  instructions.  As 
you  Hsten  to  the  recording  you  will  be  given  informati'-a  on  the  air 
conditioning  system  operation  and  directions  to  follow  for  tracing  and 
analyzing  elSbtrical  circuits.    Listen  to  the  recording  until  the 
speaker  tells  you  to  turn  it  off.    The  speaker  will  tell  you  when  to 
trace  a  circuit  or  to  answer  the  questions  given  in  this  workbook. 

Your  instructor  will  show  you  how  to  install  the  tape  and  how  to  operate 
the  tap%  recorder.    Pay  close  attention  to  all  instructions  that  are  given 
to  you  on  the  tape.    When  tracing  circuits  or  answering  questions  in 
thif  -/orkb^ok,  if  your  response  is  incorrect,  restudy  the  information 
01  reverse  the  tape  and  listen  to  the  inctructions  again.    There  are 
five  exercises  in  this  workbook.    Each  has  to  do  with  a  different  circuit. 
Unfold  and  refer  to  figure  1  located  in  the  back  of  this  workbook.  The 
circuits  you  are  tw     ^ace  are  listed  in  the  lower  left  comer  of  figure  1. 
The  color  code  you  are  to  use  for  tracing  each  circuit  is  shown  in  the 
block  before  each  circu:>.    Follow  instructions  carefully  and  if  you  miss 
a  point  reverse  the  tape  ^id  listen  to  the  directions  again*    The  wiring 
diag^'am  used  in  this  project  is  the  same  one  you  will  use  for  trouble- 
shooting th^Ls  system  on  the  trainer.    If  you  don*t  understand  the 
circuit  after  tracing,  check  with. the  instructor. 

NOTE:    In  this  diagram  we  are  tracing  current  from  the  circuit 
breakers  to  the  component's  ground.    This. is  not  the  way  current 
flows,  but  it  is  the  easiest  because  of  so  many  ground  points  in 
the  diagram.    Actually  this  is  the  opposite  of  electron  flow. 
REMEMBER  this  note  when  using  any  wirv  -g  diagram. 

TURN  ON  THE  RECORDER  AND  FOLLOW  THE  INSTRUCTIONS  OF  THE  SPEAKER.' 
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EXEHCISE  1 

Fill  in  the  bxanks  to  complete  tlie  following  statements* 

1.  The  bomber  air : conditioning  and  pressurization  electrical ^systems  utilize  both 
and   current. 

2.  The  cabin  pressure  master  switch  has   sectionsybnd    positions. 

3.  The  four  positions  of  the  cabin  pre&sure  master  switch  are 

and 


4,  Current  from  a  circuit  bj^eaker  marked  TR  BUS  is  current. 

5,  When  one  contact  lever  of  the  cabin  pressure  master  switch  Is  moved  to  a  certain  position, 
they  all  move  to  the  ^  . 

6*      Struts  1  and  4  bleed  valves  require      (28VDC/118VAC)  for  operation, 

7.      The  manifold  valve  switch  has    contact^evers. 

C,      Current  for  operating  the  cabin  air  conditiony*^  system  is  controlled  by  the*  

  switch,  / 


9,      Current  used  for  operating  the  cabin  air  conditioning  shutoff  valve  xs    (28VDC/118VAC) 

10,      Current  from  the  three  circuit  breakers  marked  118/205  VAC,  is  a  ^   type 

of  current. 

l^or  t^      orrect  answers  turn  on         tape  recorder  and  proceed  with  the  lesson, 
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Fill  in  the  blanks  to  complete  the  following  statement^:  ?I 

1.  The  laanifold  valve  svitch  is  placed  in  the  open  position  for  . 

2.  Struts  1  and  k  bleed  valves  are  electrically  contlrolled  by  a    and  actuated  by 


3.  The  cabin  pressure  master  switch  ia  In  tha    (on/off)  j^osition  whti  starting  the  aircraft 

engines* 

4.  Strut  2  is  the    (normal/emergency)  source  and  strut  3  is  the    (normal/ 

emergency)  source  of  bl^ied  air  for  tlie  air  conditioning  and  pressurization  system* 

3*      For  normal  operation  of  the  cabin  air  conditioning  system*  the  manifold  valve  svitch  is  in 

the    (open/close)  position,  the  cabin  pressure  master  svitch  in  the    (R^J^/GbT/7*45/4*50) 

position  and  the  bleed  selector  switch  in  the  ^  (normal/emergency)  position.  ^ 

6*      If  wire  number  H11B20V  were  open,  the  cabin  air  conditioning  shutoff  valve  would  not   

(open/close)  when  the  cabin  pressure  master  switch  is  placed  in  an  off  or  ram  position* 

7.  The  cabin  air' conditioning  shutoff  valve  is  actuated  by  a   ^   (118  VAC/28\^C) 

motor. 

8.  The  body  crost^over  manifold  valve  did  not  open  for  engine  start  or  normal  air  conditioning; 
this  could  be  caused  by  an  open  in  w^  re  number   * 

9.  The  air  conditioning  shutoff  valve  did  not  close  when  the  cabin  pressuremasterawl  rch  is  placed 
to  the  off  position;  this  could  be  caused  by  an  ope-^  in  wire  number   ^ 

/. 

For  the  correct  ans^ij^rs  to  these  questions  turn  on  the  tape  recorder  and  check  your  answers* 
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EXERCISE  3 


Fill  In  the  blanks  to  complete  the  follo%ilng  statements  from  Exercisers  A  anu  5. 

1.  With  the  bleed  selector  switch  In  emergency  arid  all  other  switches  in  normal,  the  body  cross- 
over manifold  valve  will    and  the  strut  number  J  bleed  valve  will   . 

2.  Bleed  air  for  emergency  air  conditioning  and  pressurlzation  is  taken  from  

bleed  valve.  ^-  ^ 

3.  An  open  in  w^.re  H8E2QV  would  cause  the  strut  number  3  bleed  valve  to  remain  in  the  ______ 

(open/close)  position. 

4.  Th^  retractable  ram  air  scoop  remained  open  after  the  cabin  pressure  master  switch  was  placed 
^to  an  air  conditioning  position;  this  could  be  caused  by  an  open  tn  wire   ^  . 


5.  If  wire  H47A20N  were  open  the  pressure  dun^  control  valve  solenoids  Would  remain   

(energized/deenergized) .  f 

6.  During  operation  of  the  air  conditioning  system  in  normal  there  is  no  airflow  from  the  outlets; 
this  could  be  caused  by  a  defective  ^  valve. 

7*      If  the  air  conditiq^lng  system  fails,   is  used  to  ventilate  the  cabin. 

8.  When  the  cabin  pressure  master  switch  is  in  the  ram  position,  the  ;  

will  energize  to  open  the  rr tractable  ram  air  scoop « 

9.  The  body  ctossover  manifold  valve  controls  the  flow  of  engine  bleed  air  from  strut  nuirfjer 


10.      The  switch  used  to  select  normal  and  ^ergency  operation  la  the  switch. 

i  — ^— — — 

For  the  answers  td  the  preceeding  questions  turn  on  ttie  recorder  and  check  jour  answers, 
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Use  figure,!  to  s^sver  the  following  questions .    Mark  only  the 
statements  thar^  are  true* 


Whfcn  the 


the  pressure  release  switch *ils  put  to  the  dump  position 
t^e  cabin  pressure  regulator  changes  pressurizatioa  to  4.50  psi* 

2*      In  emergency  the  body  crossover,  valve  will  close  and  the  strut 
number  3  bleed  valve  will  open. 

3^      Xf  wire  H14A2Q- leading  from  the  "cabin  air  conditioning  controller 
circuit  breaker  were  broken  there  would  be  no  temperature 
control.  * 

4.      With  the  manifold  valve  switch  open,  all  bleed  air  valves  are 
open  ^r  will  open  with  air  pressure. 

 5.      When  the  cabin  pressure  master  switch  is  placed  in  "ram"  the 

Cabin  pressure  regulator  receives  power  to  dump  pressure* 

 ^6.      With  the  bleed  selector  switch  in  normal,  the  body  crossaver 

manifold  valve  is  open  and  strut  number  3  bleed  valve  is%closed. 

 7.      If  the  cabin  al"  conditioning  shutoff  valve  will  close  but  will 

not  open,  a  pro»-»able  cause  could  be    wire  H11B20V  being  broken. 

 ^8.      With  the  cabin  pressure  master  switch  in  the  "off"  position, 

the  cabin  air  condition  Shutoff  valve  will  close, 
r 

9.      In  the  7.45  or' 4,50  position  the  cabin  pressure  mas|jBr  switch 

will  provide  power  tb  BOTH  the  temperature  control  relay  and  the 
temperature  control  panel. 

 ^10.      If  the  manual  cold  wire  were  broken  at  pin  G  on  connector  P-712 

there  would  still  be  automatic  cold  operation. 

 ^11.      A  short  between  pin  D  and  pin  C  of  the  fast  duct  will  call  for 

hot  air. 

 12,      The  strut  number  1  and  number  4  bleed  valve  circuit  breaker 

also'Trovides  power  for  the  body  crossover  manifold  valve. 

 ^13.      All  the  cabin  pressure  master  switches,  shown  in  figure  1,  are 

mechanically  linked. 

 ^14.      the  4,50  position  of  the  master  switch  is  used  to  change  cabin 

pressurizatiou, 

 15,      Alcove  36,CCC  the  anti-ice  valve  is  closed  and'jthe  water 

separator  bypass  valve  is  open  * 

For  the  correct  answers  to  these  questions  turn  on  the  tape  recorder. 
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EXERCISE  5 


Use  figlire  2  to  answer  the  following  ten  questions.    Placed  on  the 
diagram  are  circled  Aumbers  Indicating  a  system  trouble*    These  are « 
either  open  wires,  Indicated  by  an  X,  or  a  short,  indicated  by  a^<<-line. 
For  the  problem  given  in  the  questions,  select  the  answer  that  would  cause 
the  trouble.    Draw  a  circle  around  your  choice  of  a,  b,  c,  or  d* 

« 

1.,  with  all  control  switches  In  their  proper  positions,  engine 
bleed  air  Is  not  available  to  the  air  conditioning  package. 
Which  trouble  woul(6  cause  this  malfunction? 


a.  4- 

b.  5 

c.  10  ' 

d.  11 


Temperature  control  Is  fnoperatlve  In  auto  and  manual  cold. 
Which  trouble  would  cause  this  malfunction? 

a.  3  - 

b.  6 

c.  9  '  , 

d.  12  . 

In  automatic  the  cabin  temperature  goes  full  cold  anCTvremains. 
Which  trouble  could  cause  this  malfunction? 

a.  1 

b.  7 

c.  8 

d.  10 

Cannot  dump  cabin  pressure  by  using  master  switch  or  pressure 
release  switch.    Which  trouble  coulii  cause  this  malftmctlon? 


a.  2 

b.  5 

c.  6 

d.  St 


In  r.utomatic  the  cabin  temperature  goes  full  hot  and  remains. 
Which  trouble  could  cause  this  malfunction? 

a.  4  '  ' 

b.  9 
-c.  10 
d.  12 

There  is  no  power  available  to  energize  the  temperature  control 
relay  when  the  master  switch  is  in  the  7.45  or  4.50  position. 
Which  trouble  could  cause  this  malfunction? 


a.  1 

b.  3 

c.  8 

d.  11 


) 
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9. 


10. 


The  ram  air  acoop  will  aot  opan  when  the  ma^er  svltch  Is 
placed  In  the  ram  position.    Which  trouble  cdt^d  cause  this 
malfunction?  ^\ 


a. 

b". 
c. 

d 


2 
4 
6 
9 


Cabins  temperature  control  is  Inoperative  in  auto  and  manual 
selection.    Which  trouble  could  cause  this  malftmccion? 


a. 

b. 
c. 
d. 


3 
5 
7 

11 


In  au'comatlc  the  ca^n  temperature  g*oes  full  cold  and  remains. 
Which  trouble  couMT  cause  this^  malfunction? 

a.  1 

b.  8 

c.  10 

d.  U 


/ 


Cabin  pressure  c^iot  be  changed  when  the  master  switch  is 
moved  from  the  7.45  to  the  4.50  position.    Which  trouble  could 
cause  this  malfunction? 


a. 

c. 
d. 


4 
6 
8 
9 


the  correct  answers  to  these  problems  consult  your  instructor. 
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BOMBER  AIR  CONDITIONING  SYSTEM  TROUBLESHOOTING 


OBJECTIVE 

Using  a  multlaeter  and  wiring  diagram,  perform  an  operational 
chack  and  troubleshoot  the  bleed  air  and  cabin  air  conditioning 
system  trainer,  locating  &  minimum  of  11  out  of  14  troubles 
correctly. 

• 

EQUIPMENT 

Baals/of  Issue 

•Tainar  3018,  Bombar  Air' 
Condi  t  ionlng  ►  1 / » tudant 

Multiaatar  1/atudant 
PBOCEDURES 

1.      Ramova  all  of  your  jawalry>    Raport  to  the  lab  instructor 
and  inform  him  of  the  lesson  on  which  you  are 'working.    The  instructor-  will 
assign  you  to  a  trainer  and  provide  the  necessary  loatarials* 

2*      This  workbook  is  presented  in  two  sections..   Section  1  Is  to 
£aadl*iariae  you  with  the  components  of  the  bor.oer  air  conditioning  system 
and  prepare  you  for  perf^  .ming  the  operational  check  and  troubleshooting. 
Section  2  containa  the  steps  for  operational  checking  these  systems  and 
the  malfunctions  that  you  are  to  troubleshoot.    Perform  each  step  as  directed 
on  the  following  pages. 


> 


Figure  1.    Bomber  Air  Conditioning. 
2 
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SECTION  1.    BOMBEE  AIR  COMDITIOHING  SYSTEMS  C(»lPOliENTS 


1.     Loc&tlon  and  idenclflcaclon  of  system  componencs. 

a.     Using  Che  trainer  and  the  illustration  in  figure  1,  locate  e^ch 
of  the  numbered  items.    Vrlte  the  naae  of  each  of  these  numbered,  items 
In  the  blank  spaces  below.    As  you  locate  each  component,  notice  the  check 
point  near  the  con^onent  that  is  used  for  checking  the  electri"^l  circuitry. 

(1)  


(2) 


(3), 
(4) 


<5). 


(6) 


(7) 
(8). 


(9) 


(10) 


(11), 


(12) 


(13) 


(14)  

Compare  your  answers  to  those  on  the  following  page. 
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Answers  to  locaticm  aad  identification  step  la. 


(1) 

11  and  14  Strut  Bleed  Valve. 

(2) 

13  Strut  Bleed  Valve.  0 

(3) 

Body  Crossover  Valve. 

(4) 

Air  Condi tiooing  Shutoff  Valve. 

(5) 

Hot  Air  Modulating  Valve. 

(6) 

Pack  Anti-ice  Valve. 

(7) 

Ran  Air  Scoop. 

(8) 

Temperature  Control  Box. 

(9) 

Duct  Tiaq>erature  Sensor. 

(10) 

Cabin  Teaperature  Sensor 

(11) 

Duaqp  Control  Valve. 

(12) 
(13) 

Altitude  Pressure  Switch. 
Landing  Gear  Squat  Switch. 

*• 

e 

(14) 

Anti-Ice  Sensor  Rheostat. 

« 

b. 

Using  the  trainer  and  figure  2, 

locate  each  of 

the  mimbered 

iteas.  Write  the  names  of  each  item  in  the  blank  spaces.  As  you  locate 
the  items  notice  the  check  point  for  checking  the  electrical  circuit. 

(1)  ^  

(2)  •   

(3)  4  

(4)  

(5)  \  

Compare  your  answers  to  those  on  the  following  page. 
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Figure  2. 
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Antvcrs  to  location  and  Identification  step  lb 

(1)  leave rature  Control 

(2)  Pressure  Release  Switch 

(3)  Bleed  Selector  ^Switch 

(4)  M  nlfold  Valve  Switch  ^ 

(5)  Cabin  Pressure  Master  Switch 
2.     Trainer  Preparation 

a.  ^lace  all  trouble  switches  to  the  OUT  position.    These  switches 
are  located  at  the  left  end  of  the  trainer. 

b.  Place  the  following  switches  to  the  normal  positions  as  listed 
below. 


(1) 

Cabin  Pressure  Master  Switch — 

(2) 

Manifold  Valve  Switch  

.  CLOSED 

(3) 

Bleed  Selector  Switch  

 NORMAL 

(4) 

Temperature  Control  Switch  

„  OFF 

(5^ 

Pressure  Release  Switch  

 RESET 

.(6) 

Landing  Gear  Squat. Switch  

 AIRBORN 

c..      Place  the  trailer  power  switch  tp  the  ON  position.    This  switch  is 
located  on  the  upper  left  side  of  the  .trainer.  / 

3.     Trainer  operation 

a.     During  the  following  steps  you  will  operate  each  component  of  the 
bomber  air  conditioning  system.    When  a  switch  is  actuated  be  sure  to  notice 
which  of  the  valves  operate  sxid  the  valve  position.    Actuate  each  switch  as 
directed.    From  your  observation  of  the  trainer  operation,  complete  each  of 
t\m  statements  by  circling  the  correct  word. 


STEP  1.     Bleed  air  for  engine  start  only  ^ 

(1)    Manifold  valve  switch  OPEN 

(a)    #1  and  #4  Bleed  valve  (energizes/ deenerglzes) 

Note:    Since  J^e  do  not  have  air  flow  through  the  system  you  cannot 
observe  the  deration  of  1  and  4  Strut  Bleed  Valves.    However,  you 
can  check  to  ditarmine  if  the  solenoid  is  energized  as  follows: 
Hemove  the  AN  connector  by  unscrewing  it  from  the  solenoid  valve. 
As  you  remove  the  connector  you  should  haaY  an  audible  click  as 
the  solenoid  11  deenerglzed.    Try  this  several  tines  to  be  sure 
yoa  recogitiize  the  j^idible  sound  of  the  solenoid  energizing  end 
deenerglslng.. 

'430 


(b)  Body  crossover  valve  (opens/cloees) 

(c)  #3  Strut  bleed  valve  (opens/closes) 


(2)    Manifold  valve  switch  CLOSED 

(a)  #1  and  #4  Bleed  valve  (en«»rglzes/deenerglzet*) 

(b)  Body  crossover  valve  (opens/clcses) 

(c)  #3  Strut  bleed  valve  (opens/closes) 


(3)    If  the  valve  or  valves  fail  to  operate,  It  indicates  a  defective 
valve(8)  or  an  open  electrical  circuit* 

STEP  2.      Cabin  air  cond** tioning  system 

(1)  Cabin  pressure  master  switch  -~ —  7.45  or  4.50 

(a)  Body  crossover  valve  (opens/closes) 

(b)  #3  Strut  ble^d  valve  (opens/closes) 

(c)  Air 'condition!.     shutoff  valve  (opens/closes) 

(2)  If  the  valve  or  valves  fail  to  operate,  it  indicates  a  defective 
valve (a)  or  an  open  electrical  circuit. 

STEP  3.    \Ca1>^^  temperarure  rontrol  system;  manual  operation 

(1)    Place  the  cabin  temperature  control  switch  to  MANUAL  COOLER. 
The  modulating  valve  (opens/closes) 

X2)    Place  the  pabin  temperature  control  switch  to  MANUAL  WASHER. 
The  modulating  valve  (opens /closes) 

(3)  If  the  modulating  valve  fails  to  operate  it  indicates  that 
the  valve  is  defective  or  there  is  an  open  in  the  28  VDC  electrical  circuit. 

STEP  4.      Cabin  temperature  control  system;  automatic  operation 

(1)  Place  the  cabin  temperature  control  switch  In  the/^O'^F 
pceltion.    The  modulating  valve  (opens/closes) 

(2)  Plape  the  cabin  teiiq>erature  control  switch  in  the  lOO^^F 
position.    The  modulating  valve  (opeus/closes) 

(3)  If  the  automatic  temperature  control  system  fails  to  operate, 
this  indicates  an  open  in  the  115  VAC  powar  circuit  to  the. controller . 


(       i^Acm  th«  bi««d  telkctor  switch  ta  >h6  tmttgtncy  position 

# 

(a)    #3  strut  blaad  valve  (opehs/closes) 
\  (b)    Body  crossovar  valva  (opans/c^^osac) 

(c)    Air  conditioning  shutoff  valva  (opans/closas/ramains 

thai^^rae) 

(2)    Place  the  bleed  selector  switch  %o  the  normal  position 

(aX  f 3  strut  bleed  valve  (opens/closes) 
{hS  Body  crossover  valve  (opens/ closei) 
(c)    Air  conditioning  shutoff  valve  (opens/closes/remai^s 

the  same) 

STEP  6,.     Pressure  release  operation 

(1)  Place  the  pressure  release  switch  to  the  DUMP  position 

(a)  Cabin  air  conditioning  shutoff  valve  (opens/closes/ 
remains  the  same) 

(b)  Pressure  dump  control  valve  solenoid  (energires/deenergizea) 

(2)  Place  the  pressure  release  switch  to  the  RESET  position 

(a)  CaVin  air  conditioning  shutoff  valve  (opens/closes) 

(b)  Pressure  dump  control  valve  solenoid  (puergizes/deenergizes) 

(3)  Place  the  cabin  pressure  master  switch  to  the  ram  position 

(a)  '  Cabin  air  conditioning  shutoff  valve^(open8/closes) 

(b)  Body  crossover  manifold  valve  (opens/closes) 

(c)  Pressure  dump  control  valve  solenoid  (energizes/deenergizes) 

(d)  Ram  air  scoop  (opens/closes') 

(4)  Place  the  cabin  pressure  master  switch  to  the  7.45  or  4.50 


position. 


-  (a)  Cabin  air  conditioning  shutoff  valve  (opens/closes)^ 

(b)  Body  crossover  manifold  valve  (opens/closes) 

(c)  Pressure  dump  control  valve  solenoid  (energizes/deenergizes) 

(d)  !Um  air  scoop  (opens7closes)  • 

(5)  Place  the  landing  gear  squat  switch  to  the  "Ground"  position 

(a)    Pressure  dump  control  valve  solenoid  (energizes/deeoerglzes) 

(6)  Place  the  landing  gear  squat  switch  to  the  Airbom  position 
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STIP  7.     Pack  «iitl*-lclng  syttM  oparatlon 

*  Hota;    Tht  «ati*-lc«  Mtisor  rhaostat,  locatad  n«ar  tha  wmt«r  separator 
la   uMd  to  ■laulata  a  taaparatura  changa  around  tha  sansor. 


poaitloit. 


(1)    Botata  tha  aQtl*-lclng  Mnsor  rhaoatat  to  tha  full  clockwisa 


(a)    Pack  antx-lwlnf  valva* (opans/closai) 


(2)  Rotata  tha  antl-lclng  sansor  rhco^tat^  to  tha  full  countat- 
clockvlaa  position. 

(a)    Pack  anti^icing  valva  (opans/closas)  % 

ifota:    Tha  altltuda  svrltch,  locatad  in  tha  uppar  right  portion  of 
tha  trainar  is  usad  to  slaulata  altitudas  abova  and  balov  36,000 
faat. 

(3)  Placa  tha.  altituda  switch  to  tha  ABOVE  36,000  faat  position 

(a)  Pack^anti--icing  valva^pans/closas) 

(b)  Watar  'iaparator  bypass  valva  solenoid  (cnargizas/deanargicaa) 

(4)  Placa  tha  altitude  switch  to  the  BELOW  36,000  feat  position 

(a)  Pack  anti-icing  valva  (opens/closes) 

(b)  Watar  separator  bypasf^^alve  solenoid  (energizes /deenergizes) 
COKPAIE  THE  ANSWERS  THAT  TOO  HAVE  SELECTED  TO  THOSE  GIVEN  BELOW. 

Answers  to  trainer  operation  statewnts. 
STEP  1.  anarffize  STEP  5. 


STEP  2. 

STEP  3. 
STEP  A. 


(1)  energize 
open 
open 
olose 

(2)  deenergi zes 
close 
close 
close 

(1)  ^en 
/tloae 
open 

r 

(1)  dose 

(2)  open 

(1)  close 

(2)  open 


(1)  opens 
closes 

remains  the  same 

(2)  closes 
opens 

remains  &he  same 


STEP  6: 


rtnains  tht  saiM 
•nerglze 

cloatt0 
dtenerglze 


(1) 
(2) 
(3) 

(4) 


(5)  ^pergizc 

(6)  deenergize 


STEP  7:     ^fir  close 

(2)  open 

(3)  close 
energize 

(4)  open 
deenergize 
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4-.      Jensor  Resistance 

a.  Knowing  the  normal  resistance  value  of  the  sensors  will  be  ^ 
helpful  when  troubleshooting.  Tais  is  determined  by  referring  to  the 
technical  orifer  or  by  pleasuring  a  sensor  that  is  known  to  be  good. 

b.  Tc  measure  the  resistance  of  the  cabin  and  duct  sensors, 
disconnect  tne  lower  AN  connector  on  the  temperature  regulator  as  shown 
in  figxire  3.    This  is  t)«e  AN  connector  nearest  to  the  trainer.  In 
figure, 3  the  AN  connector  is  shown  in  four  separate  illustrations; 

A,  B,  C,  and  D.    Thi^s  is  done  to  make  it  easier  for  you  to  see  how  to 
check  the  sensor  circuit.      Keep  in  mind  that  this  is  ONE  connector. 

Note:    When  checking  re8ista|tee  of  the  sensors,  make  sure  the 
trainer  power  is  off  and  yoii^^iave  the  meter  on  ohms.  When 
checking  the  cabin  sensor,  set  your  range  selector  to  RXlOO  and 
when  checking  the  duct  sensot,  set  your  range  selector  to  RXIO. 
Be  sure  you  zero  your  miater  before  making  any  resistance  checks. 

c.  ^     niustratien  A  in  figure  3  shows  where  to  connect  the  meter 
icT  reading  cabin  sensor  resistance.    Check  this  resistance.  Record 
(he  reading  in  the  space  *ielow.    Using  illustrations  B  and  C,  measure 
the  resistance  of  the  duct  sensor.    Record  your  readings  in  the  spaces 
below. 


CABIN,  SENSOR  resistance  ohms. 

SLOW  DUCT  SENSOR  resistance  ^   ohms. 

FAST  DUCT  SENSOR  resistance   ohms. 


d.  Ask  the  lab  instructor  for  the  ambient  temperature.   *f. 

e.  Now  that  you  have  completed  your  sensor  resistance  check, 
you  need  to  determine  if  the  resistance  is  correct.    Normally  this 

is  done  by  referring  to  temperature-resistance  grkphs  in  the  applicable 
aircraft  technical  order.    However,  we  have  reproduced  these  graphs 
for  you  to  use^    Figure  4  is  the  temperature-tesistance  graph  for  the 
cabin  sensor  and  figure  5  is  the  temperature-resistance  graph  for  Che 
duct  sensor.    Using  these  graphs,  determine  if  your  sensor  resistance 
readings  are  correct. 
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Figure  4,     Cabin  Temperature  Sensing  Element  Resistance. 

f.       instructions  for  using  the  CABIN  temperature  sensor  resistance 
graph. 

Locate  the  vertical  lines  for  ambient  temperature.     Follow  this  line 
up  to  where  it  nieets  the  minimum  line.    Then  follow  the  horizontal 
lines  to  the  left  to  determine  the  resistance  in  OHMS,    The  measured 
resistance  should  be  within  this  range, 

EXAMPLE:     V  the  temperature  is  64 "^F  then  the  cesistance  should  be 
between  150u  a^^d  1875  ohms, 

■Hi  7 
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^igure  5.    Duct  Temperature  Sensing  Element  Resistance. 

g.      Instructions  for  using  the  DUCT  temperature  sensor  resistance 
griph  (figure  5. ) 

Locate  the  vertical  lines  for  am.   ant  temperature.     Follow  this  line 
up  to  where  it  meets  the  minmum  line.    Then  follow  the  horizontal  lines 
CO  the  left  to  determine  the  resistance  in  OHMS«    The  measured  resistance 
should  be  in  this  range,     ilie  fast  and  slow  sensors  should  be  the  same. 

EXAMPLE:     If  the  temperature  is  70**F,  then  the  resistance  should  be 
between  96  and  114  OHMS. 
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5.      Rheoscat  Resistance 


a.  Illustration  D  in  figure  3  shows  the  pin  connections  for  checking 
the  temperature  control  rheostat.    Place  the  meter  leads  in  pins  J  and  T, 
then  rotate  the  temperature  control  rheostat  from  20*f  to  100*f.    The  pointer 
on  the  meter  will  move  f^'om  left  to  right  indicating  that  the  temperature 
control  rheostat  is  operating  properly. 

b.  Set  the  temperature  control  rheostat  at  TO^'f.    Read  the  resistance 
and  record  your  reading  below. 

Temperature  control  rheostat  resistance  ^   ohms. 

c.  You  should  have  read  between  500  and  500  ohms. 

Note:     If  your  readings  were  all  correct,  then  continue  to  the 
operational  check.     If  your  readings  were  incorrect-  then  ask 
the  instructor  for  assistance* 

SECTION  2.     BOMBER  AIR  CONDITIOt'ING  SYSTEM 
OPERATIONAL  CHECK  AND  TROUBLESHOOTING 

OPERATIONAL  CHECK 

1.  The  steps  that  you  performed  in  paragraph  3a  of  Section  1  involved 
operating  each  component  in  the  bomber  air  conditioning  system.  They 
determined  if  each  component  was  operating  properly  and  are  called  operational 
checks . 

2.  Chart  1  on  the  next  page  formalizes  the  procedures  for  performing 
operational  checks  in  outline  form.    To  insure  that  you  are  familiar 

with  this  procedure,  turn  the  trainer  power  switches  ON  a-d  perform 
each  of  the  stens.    After  you  are  sure  you  understand  operational 
check  procedur*  ,  then  continue  to  the  troubleshooting  part  of  this  lesson. 
You  will  be  required  to  perform  a  complete  operational  check  for  each 
trouble. 
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Foaltionlnt  tha  contrdl  d«viee 

OparatXnt  Val/a 

Valva  Poaltlon 

MAfiifold  Valvtt  tvlteh  OfCN 

All  Blaad  Valvaa 

OPEN 

Manifold  Valve  tvlcch  CLOSSD 

All  Blaad  Valves 

CLOSED 

Cabin  praaaura  aaatar  avitch 
7. 43  or  4. SO  poaitidn 

Body  eroaaovar  valva 

Air  conditioning  ahucoff 
valva 

OPEN 
OPEN 

Placa  tha  caaparatura  control 
aviceh  CO  MAMUAL  COOUt 

Modulating  valva 

CLOSED 

Placa  tha  taa^aratuva  control 

avitch  to  MAMUAL  VAIMER  Modulating  valva  OPEN 


Placa  cha  taafparatura  control 

to  ADTO  20*r  Modulating  valva  CLOSED 


Placa  tha  taaq>aratura  control 
tc  AUTO  100* F 

Modulating  valva 

OPEN 

Placa  blaad  aalactor  to  tha 

EH^^tCEMCY  position 

#3  acrut  blaad  valva 
Body  eroaaovar  valva 

OPEN 

CLOSED 

Placa  blaad  aalai:tor  to  tha 

I9DKMAL  poaltion 

#3  atrut  blaad  valva 
Body  eroaaovar  valva 

CLOSED 
OPEN 

Placa  tha  praaaura  ralaa#*f  Praaaura  duap  control  valva  ENTrRCIZE 

avitch  no  DOMP 


Placa  tha  praaaura  ralaaaa  Prasaura  dump  control  valva  DEENERGIZE 

avitch  to  RESET 


Placa  tha  cabin  praaaura  aaatar 

avitch  to  RAM 

Air  ccndltioninR  ahutoff  valva 
Prasaura  dump  control  valva 
Raa  nir  a coop 

CLOSE 
Enargixa 

OPEN 

Placa  tha  cabin  praaaura  nastar 
avitch  to  7*45  or  4>50 

Air  conditioninx  ahutoff  valva 
Praaaura  duisp  control  valv4 
Ram  air  ycoop 

.  OPEN 

DEENERGIZE 
CLOSE 

Placa  landing  gaar  squi:t  switch 
to  GROUND  poaitlon 

Praaaura  dunp  control  valva 

Enai'^giza 

Placa  landing  gaar  squat  switch 
to  AIRBORN  position 

Praaaure  dxmp  control  valva 

Deenergize 

Rotata  sanaor  rhaostrt  full 
CLOCKWISE 

Pack  anti-icing  valva 

CLOSE 

"jotata  sanaor  rhaoatat  full 
COWTEICLOCICVISE 

Pack  artl -icing  valva 

OPEN 

Plac*  altituua  avitch  to 
ABOVE  36,000  fast 

Pack  anti-icing  valva 

CLOSE 

Placa  altituda  avitch  co 
BELOW  36,000  faac 

Pack  anti-Icing  valve 

OPEN 

Chart  I.    Operac'cnai  Check  Procedure  Chart. 
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Troubleshooting 


1.  For  each  trouble,  perform  an  otperational  check  to  deter- 
mine the  malfunctioning  component.    After  you  determine  the  malfunction, 
then  place  a  statement  in  the  "discrepancy"  block  of  the  attached 
troubleshooting  answer  sheet,  that  describes  the  malfunction. 

2.  Using  a  waxed  pencil,  trace  the  electrical  circuits  that 
operate  or  control  the  malfunctioning  component. 

3.  Use  the  multimeter  to  locate  the  cause  of  the  trouble. 

Note:    When  measuring  voltage,  be  sure  the  meter  is  set  to  the 
correct  voltage  range.    Make  sure  that  you  have  the  negative  (black) 
lead  to  ground.    Ground  on  the  trainer  is  located  to  the  left  oi  the 
AN/PSM-6  multimeter  Ibracket.    When  checking  the  manual  control 
system,  be  sure  to  hold  the  temperature  control  switch  to  either 
cooler  or  warmer*    When  measuring  resistance,  be  sure  the  trainer 
power  switch  is  OFF,  and  the  meter  is  set  at  ohi3.    Use  the  OHM 
portion  oi  the  multimeter  only  to  check  sensors  and  their  circuits. 

4.  Record  the  cause  of  the  trouble  in  the  corresponding  cause 
block  of  the  troubleshooting  answer  sheet. 

5.  Ihe  trouble  switch  that  you  are  to  use  for  ^ach  problem  Is 
listed  on  the  top  line  of  the  discrepancy  block.    There  are  17  problems 
for  you  to  troubleshoot.    We  will  go  through  number  1  to  show  you  how 
to  arrive  at  the  correct  answer. 

Note:    During  this  exercise  you  will  not  use  trouble  switches 
numbered  2,  13^  17.    Since  this  trainer  does  not  have  check 
points  for  the  valves,  it  will  be  necessary  to  remove  the 
electrir«iJ.  connector  from  the  components  in  order  to  check  for 
power  with  your  meter. 

TilOUBLE  NUMBER  1 

1.  Place  number  1  trouble  switch  to  the  IN  position. 

2.  Perform  an  operational  check,  using  the  operational  check 
procedure  chart. 

3.  As  you  went  through  the  operational  check  you  found  that  the 
air  conditioning  shutoff  valve  did  not  open.    This  means  that  no 
conditioned  air  was  available  when  the  master  switch  was  put  to  the 
7.45  or  4.50  position.    Make  the  following  statement  in  the  dis- 
crepancy block  of  the  troubleshooting  answer  sheet  for  trouble 
switch  Ho.  1. 

"Air  conditioning  shutoff  valve  will  not  open  vhen  the  master 
switch  was  put  in  the  7.45  or  4.50  position." 

4.  The  first  step  would  be  to  determine  which  valve  or  valves 
would  give  you  this  condition.    Mo\lng  the  cabin  pressure  master  switch 
to  the  7.45  or  4.50  position,  the  cabin  air  conditioning  shu^^off 
valve  should  have  moved  to  the  OPEN  position,  but  you  will  notice  that 
it  does  not.    Trace  the  circuit  that  would  affected. 
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5*     \!h%n  tracing  the  circuit  you  will  notice  that  it  requires 
115  VAC  to  operate  the  cabin  air  conditioning  shutoff  valve.  Check 
the  AC  pover  with  the  nultlaeter.    Make  sure  your  meter  la  get  for 
the  correct  voltage*    Your  firat  check  on  the  trainer  will  be  at 
P-1772  point  "G."   You  should  read  U5  VAC,    The  next  check  will  be 
at  P«1773  point  *'J**^    Again  you  should  read  115  VAC.    Nov  remove  the 
electrical  connector  from  the  cabin  air  conditioning  shutoff  valve. 
Check  voltage  at  pin  **B.'*   You  will  notice  that  there  is  no  voltage 
at  this  point.    This  would  mean  that  you  have  an  OPEN  in  wire 
H11B20V. 

6.  Record  your  findings  in  the  cattae  block  of  the  trouble- 
shooting an-^ver  sheet.    Open  in  wire  H11B20V. 

7.  You  have  completed  trouble  number  1,  so  place  that  switch 
to  the  out  position  and  continue  with  troubles  3  through  20.  Be 
sure  to  record  the  malfunction  in  the  discrepancy  block  and  the  cause 
in  the  cauae  block  of  the  troubleshooting  answer  sheet. 

Note:    OMIT  PROBLEMS  2,  13,  17* 
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PABT  I 


ftc«zclt«  1 

VhM  t««*io«  th«  win(Uhi«ld  t«^»tur»  implifier,  th«  dycfd*  ^  l£ 
TwrilSt.    Look  ftt  tb«  dM«d«  box  M  it«  d«teription  and  control*  wro  r«- 

1.  Sotloe  th»t  it  oontaiM  nin«  knobn  for  ••Iwting  th«  d««ir«d 
vaiaUao9  T«lu»a.    laoh  of  th«  nin«  knob*  ocntrol*  «  i««ittaao«  unit 
Inald*  th«  box. 

2.  Alio  notico  tji%t  •moh  of  tha  nin«  knob,  hu  a  ■omit  attkod  froa 
0  to  10.  ^ 

3.  1hM«  knob,  cim  b.  u.«l  to  wlwt  any  yalu.  of  f'^.^. 
1  to  10  Mff  oba..    You  can  also  increaa.  or  dacraaaa  raaiatanca  in  itepa 

of  .1.  1.  10.  100.  1000.  10000.  100000,  1         aad  10  nag  ohaa. 

U.  Th.  aalaction  of  apaoifio  re.i.tanca  valuaa  on  tha  dacada  box  i. 
«tplainad  in  tha  following  .tap.. 

a    Starting  with  tha  bottoo  ri|^t  aida  aoala  (.1 
flr.t  kni;  i.  Wto  .alaot  tanth.  of  an  oh».    Tha  aoal.  i- 
iSJLIS.  of  .1  oh..    Tha  »axiBum  r.ai.t«^a  that  oan  ba  .alactad  with 
this  knob  i.  1  cbm. 

b.  -ft.  .acond  knob  i.  uaad  to  aalact  unit,  of  1  <^  J^' 

in  .aikad  off  in  1  ohm  inor«»n*...    Tha  aaxiaum  ra.i.tanca  that  c«  ba 
.alactad  with  thl.  knob  i.  10  ohaa. 

c.  Tha  third  knob  i.  u.ad  to  aalact  tans  of  ohaa  and  i« 

off  in  i^raaant.  of  10  ohaa  aaoh.    Tha  nmximum  raaiat«ic.  that  cm  ba 
.alactad  with  thi.  knob  is  100  ohsoa. 

d     Thm  fourth  knob  is  uaad  to  aalact  hundrada  of  ohas  and  is 
c?f  iTUJSSta  of  100  ohaa  aach.    Tha  ««ciaua  ra.istanca  that 
oan  ba  salaotad  with  thia  knob  ia  1000  ohaa. 

•     Tha  fifth  knob  ia    iad  to  aalact  thouaanda  of  . 
1       .  r^^*-  innn  »hnM  mmeh     Tha  aaximum  raaisianca  that 

mazkad  off  in  inorsoanta  of  1003  ohaa  aacn.    ine  mmxjjmjm 

can  ba  aalactad  with  this  knob  is  10,000  ohaa. 

f     Tha  aixth  knob  ia  uaad  to  aalact  tan  thouaanda  of 
is  aaika^'ofrln  Scra-«nta  of  10.000  ohaa  ..ob.    Tha  aaxiaua  rasist«aca 
that  oan  ba  aalactad  with  thia  knob  ia  100,000  ohaa. 
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».  Th«  «»v«nth  knob  i«  uBed  to  select  hundred  thousands  of  ohms, 
•nd  is  -ittstd  off  in  inor«D«it«  of  100,000  ohiu  each.  The  m«limm  resxs- 
taao*  that  can  toe  selected  with  this  knob  is  1,000,ouu  '^hma. 

h.  The  ei«hth  knob  is  usea  to  select  nullions  of  ohms  and  is 
aazked  off  in  increments  of  1,000,C  ^  ohms.    The  aaximum  resistance  that 
can  be  selaoted  with  this  knob  is  10,000,000  ohms. 

i.  The  ninth  knob  is  used  to  select  ten  million  ohms  and  is 
narked  off  in  incremente  of  10,000,000  ohms  each.    The  maximum  reaxstance 
that  can  be  selected  wi*ii  this  knol.  is  100,000,000  ohms. 

Pill  in  the  blanks  to  complete  the  following  statements: 

1.  The  decade  box  is  used  when  bench  testing  the  windshield  temperature 
amplifier  to  simulate  the  • 

2.  The  decade  box  contains  nine  units. 

3.  Bach  of  the  nine  resistance  units      the  decade  box  has  a  scale 
that  is  maiked  in  increitentB  from  0  to  ' 
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loUet  tl«  ^  ooiin.oti0B«  4t  th.  top  of  th.  dooad.  box.  Ouie. 
eoonlotloB.  o«-i.t  of  two  irwlctod  bli>dia«  po.t«. 

1.   Bi.  two  W^tod  po.ti  tro  «.d  to  coimoot  th.  <Uc.d.  box  in 
tlM  olroalt  b«lBff  tMtsd. 

pre-«it  botwMO  tho  two  lawlatod  po«t«. 

mi  in  th*  blank,  to  ooiq»lett  «lu  following  ■t»t«wt.« 

1.  Th.  rMi.t«o.  ..l.ot«i  by  knob.  i.  .vail^l*  ^ 
 posts. 

2.  With  ^  ..l.otor  knob  .et  at  0,  th.  r^t-«°« 
in«aat.d  po.t.  will  b.  • 

with  «ch  ..l«tox  taob  ..t  .t  1 .  «»  r«i.t»c.  .t  th.  t»o 

ia«aat.d  po.t.  will  b.  - 

Answers  to  Exercise  l:    1.    windshleW  temee^^  2.  reaistance 

3.  10 
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Sxcroise  3 

On  pa«M  7,  8,  and  9  are  •rrwx  iiluBtrations  ot  the  decade  box. 

Iotic«  that  the  pointers  in  each  Illustration  are  pointing  to  certain 
niabera,  indicating  apeolfic  reaiatance  values. 

To  «ive  you  practice  in  selecting  specific  resistance  values  on  the 
deosd^  ST!  JJt  STpointers  on  your  decade  box  as  shown  in  each  illustration. 
S^?rr;iil  thTrSistanoe  vJuTand  record  it  in  the  blank  space  below 
the  illustration. 

Illustration  maber  1  ^  been  completed  as  an  exanple.    Vhen  you  have 
•cosiplsted  all  seven  of  the  decade  box  resistance  ^rour 
anslers  wijdi  the'answere  en  page  11  tfc  see  if  you  are  correct. 

If  you  are  Incorrect,  ask  the  instructor  for  assistance.  If  your  answers 
are  correo^,  continue  to  Erercise  U. 

Answers  to  ixerois*  2.    1.    IsS^ated     2.    z^ro  (Ol     3.  lL.lilJ^ 
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yigur©  1 
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3. 


A  I  Ml* 

/       I*  •  •• 


'  !  * 


•  >  Of 


HitH 


8^  ^ 


.7MA  MAA 


2  #M  M^l' 


lOmM  MAX 


7eo#^  MAI 


3.  ^'  —  

Pa««  2  of  Figure  1 
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rwlitMie*  you  stltet  on  tht  d«o«de  box  c«  be  .ither  incr«a.ed  or 
daoxMsod  in  sttpi  m  de«ir«d. 

For  .x-pl.,  vh«i  p.rfoi»dnf  th.  b«ch  test,  you  will  be  ^J^uir^ 
^  TM7  oonfoalaf  unloi  you  uad«r«t«d  the  procedure. 

procedure  ie  rxplain-d.    A-  «i  example,  we  will  start  with  505  onma  ana 
deoreaae  in  one  <Ab  atepe  to  U90  ohaa. 

2.    Thia  procedure  ia  shown  by  the  illuatrationa  in  Figure  2. 

a.    Set  the  knobs  on  the  decaue  box  to  obtain  505  ohma.  Rote 
T"»,iujitration  A. 

b     To  decreaae  resistance  in  one  ohm  steps,  start  by  t^xming 
the  knob  scale  back  toward  -ro    os|  Si2£  ^ 

iTrlMd-  0.    Tou  now  have  500  ohma.    Hots  Illuatration  B,  7i«ui^  2. 

«     -B-fo*.  YOU  can  decrease  the  resistance  any  further  you  muat 
itf-HiTto^ad  500  otons  on  a  combination  of  other  scales 
ohange  the  reaiataaoe  to  ^  ^^ly  one  ohm  at  a  time, 

that  will  .now  you  *<>  continue  ^f"^^'J,^°Sm7cale  back  to  U. 
Thi.  can  be  don.  2;  -^J^^^^*  TS^o^^^bc^*  up  to  10.  Itake 
SerLStTon^ToSiror^:  ttf  mSJtration  0.    Notice  that 
2S  tH.  oSinatlTyou  still  have  500  ohms. 

d     Bow  you  can  continue  decreasing  in  one  ohm  -Jf"  ^^^^ 
Sa- ^a.?£^^^  ^ 

t  the  V  ^L^hT:  VtiTo^  JtflJ 

t:^'^  r^''Alr;edre'°x:.i.tance  in  one  ohm  step.  a.  deaired. 
?S.^o<toe  can  be  applied  to  any  value. 

TO  practice  decreaaing  f.'^S^  ^TV^^ 

box  to  UO.  ohma.  ^  <^!:ii",Tbc^o^Tin 
thia,  follow  procedurea  b  tfc-ough  e  aoove  ana 
iadioate  the  decade  box  aett*.  _n. 
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tj«oi««  U  (cont'd) 

^  n^iiut  th.  100  otai  Ml-cto'  at 

.   ^       Mt  at  U09  A  by  pl«ia«   , 

1.        *****^thri  ote  Ml.etor  .t  ,  

3.   TO                           ^  ••^nr-.r.ctor  i.  at  9       tb.  1  Oh. 
.  ti«- «d»cl«*  by  turning  ^  3=^-51.- ^  ^°  !^Thia 

^«  to  «x.rci..  3*        ^      ,  7.  l&sfi 


ERIC 


11 


Tigox*  2 


12 


PART  II,  PmiMINAJRY  EXERCISiS 
Sxercise  1 

froB  your  studiea  of  th«  rain  removal  system  on  the  fighter  aircraft, 
you  •hould  r»c«ll  that  a  warning  light  was  uaed  to  inform  the  pilot  of  an 
OT«zb«*t  condition  on  tbs  windshield. 

You  should  al8o  recall  that  this  warning  light  waa  controlled  hy  a 
windBhield  tenperature  eeneing  amplifier. 

A  scheoatlc  diagram  of  the  warning  light  circtiit  is  illustrated  in 
Tlgurs  1. 

During  n»T"«i  operation,  the  high  temperature  warning  light  « 
rsaain  off.    If  the  temperature  exceeds  a  safe  operating  condition  (.260  F 
on  the  windshield),  the  high  temperature  warning  light  will  come  on. 

Hotice  that  there  is  115  'olte  AC  power  through  the  amplifier.  The 
amplifier  will  th«i  keep  the  relay  energized  as  long  as  the  temperature  is 
nOTBal.    Also  notice  that  lU/28  volts  AC  power  is  used  to  turn  on  the 
warning  ll^t  when  an  overheat  condition  occurs. 


C  0 


WINOSMIIIO  TIM«iATUM 
SINStNG  AMniFIII 


WAININO  IICHT 


■-QH>» 


on  ac  tempfl 
above  260*  F. 


WINOIMHIO 
SINSOt 


Figure  1. 

Fill  in  the  blanks  to  complete  the  followin^f  atatementa.  Uae  Figure  1 
to  b*lp  you. 

1.  During  nouaal  operation  of  the  rain  removal  system,  the  "i^^jf  * 
high  tem>erature  warning  light  should  remain  —   Kon/oiij, 

2.  the  windshield  hi^  temperature  warnings  light  is  controlled  by  the 
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3.  tto  wi«s*w.«id  t««p«*t«i 


n-ht  will  coa«  on  if  tl» 
hl^  warning  li«»*  ^^^^ 


U.  for  op«»tlon,  

"•^^^   tion  of  th«  rain  r-ovnl  ay.t«.  ^ '•^•y  ^ 

5.  SjiSSr  will  be  

6.  1»»  v«nJng  U-.t  will  oo^  on  w^n  ^  -  - 
<«i«fi««A/*««'***«*^^  • 
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Ibccrclse  2 


xioxmal  t«n^t<«rt,  7?  to  80*hp,  th«  aenBor  rasistance  i«  ^proximately 
IOC  ctaM. 

At  260**?.  th«  rtiiitMO*  of  th«  sensor  is  approximately  17U  ohms. 
Wh«       .iuTi^st^K,.  T.»ch».  17U  (±  1.5)  oha.,  it  will  o«».  the 
Hg^ifUr  to  d.««rgiM  th«  r«lay.    This  will  turn  the  warning  light  on. 

lro«  this  we  shoold  note  that  to  bench  check  the  sensing  jyl^i®^' 
we  (^iauSte  the  .«isor  with  a  decade  box.    When  we  apply  17U  ohw. 
the  warning  li^t  should  com  on. 

When  you  bench  test  the  sensing  amplifier  you  will  also  notice  that  a 
Tery       SJiJSnce  will  turn  the  warning  light  on.    ^  ^ly  any  resxs- 
ISe  JIlS  bll^Ippr^xiaately  70  ohms  or  above  appr.  ^tely  17U  ohms 

t^^liTwSSg  Ugh?   In  other  words,  sensor  resist^^ce  value. 
Jiiwer^^xiaatiTTO  and  17U  ohm.  will  keep  the  r.lay  energixed. 

For  each  of  the  following  ra.i.tancee  determine  if  the  warning  light 
vouldV^or  off  «id  place  your  conclusion  in  the  blank  apace. 


He.i.tap6e 

1.  69  ctasM 

2.  125  ohma 

3.  180  ohm. 
U.    95  obma 
5.    110  ohma 


"Idgfat 


An^rerstoBrerciael,    1.  Z.    windsMeld  t^SESat^ 

3.  260°?     U.    11^  and  II1/26V  AC     S-  enerffized 

\ 

6.  deanergized 
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Sxercise  3 

To  pwrfotB  the  b«nch  teet  x^^tub  a  bench  teat  adapter,  decade  box, 
r^^Shleld  t«perature  s.naing  amplifier  P/N  6032,    You  should  have 

tbM«  on  the  work  beach.    Look  at  Figure  2  as  the  following  areas  are 

covered. 

1     The  tent  adapter  is  uaed  to  connect  the  windshield  temperature 
«en«ii«  control  unit  to  the  28V  DC  and  1^AC.  i400-Hertz  po-r  supplies, 
wad  to  the  deoade  box. 

2.    The  test  adapter  provides  a  meana  of  controlling  the  AC  and  DC 
power  and  houaes  the  warning  li^t. 

3     The  decade  box  i«  used  to  apply  various  resistance  values  during 
the  tiet  procedure.    Thi.  siimlates  the  windshield  temperature  sensor. 

note:  This  system,  vhen  installed  on  the  J^/??^. 
10  for  warning  light  operation.  However,  for  this  setup 
we  will  use  28V  DC  for  warning  light  cperation. 

U.    R7  on  the  windshield  temperature  sensing  aniplirier  is  a  variable 
resistor  and  is  used  to  calibrate  the  amplifier. 

Pill  in  the  blanks  to  complete  the  following  statements: 

1.  The  electrical  power  required  to  bench  testjhe  windshield 
temperature  sensing  amplifier  is  ^   

2.  During  bench  test,  resistance  is  applied  to  the  windshield  

teoperattire  sensing  anpUf  ier  by  the  ,  —  _  

3.  The  windshield  toa5>erature  sensing  amplifier  can  be  calibrated  by 
adjusting   —  ' 

Answers  to  Bxeroise  2:    1.    on     2.    off     3-    on     U.    off     5.  off 
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foUwlng  at«p«  win  guid*  you      conn^ctiug  th«  windshield 
t-pSHtur.  ■•Mlnff  control  unit  to  the  tsst  rilapter  «id  perfoiaing  the 
jrtjr of  th«  b«ich  tMt  end  calibrate  the  control  unit: 

1 .  Co«a»otin«  the  winahield  tenqjerature  aenelng  control  unit  to  the 
t9st  ad^t^r. 

a.  Connect  the  email  AH  electrical  connector  from  the  test 
adapter  to  J1  of  the  windehield  teaperature  eeneing  anplifier. 

b.  Connect  the  adapter  ledds  to  the  decade  box. 

c.  The  dr'jade  box  ehould  be  set  at  0  ohms. 

d.  The  28  V  DC  and  115V  AC  power  switches  on  the  teat  adapter 
ahotild  be  Of. 

.  .    Connect  the  28  V  DC  and  11 $V  AC  power  cables  to  the  proper 
power  r»ceptaclee  on  the  wall. 

2.  Bench  teet  procedure. 

ae    Place  the  28  V  DC  ewitoh  to  ON.    The  hifi^i  temperature  warning 

li^t  will  be  on/off  ' 

b.    Set  the  decade  box  to  71  otans.    The  warning  light  shall  remain 


on* 


0.    Place  the  115V  AC  power  switch  to  on.    The  warning  light  will 
go  f^ff^f* 

A     q-t  AmomAm  box  to  170  ohms.    Increase  resistance  one  ohm  per 
second  u^kl  tie^t  ^ron!    Hesist^ce  when  the  light  comes  shall 
^USZJ^  Besistanue  when  the  light  c«ae  on  was  

e.  Increase  resistance  to  200  ohms.    The  warning  Ugbt  shall 
reaain  on/off         —  • 

f .  Decreaee  resistance  slowly  until  the  ^•^-J^^^J^^^' 
Besistan;;  shall  not  be  less  than  1.5  ohms  ^^^'^^^  *f^,^J,^5^ie: 
reaiatance  that  caused  the  light  to  come  on      «*ePj  *^7*hoJn7off 

3  the  resiatance  when  the  light  comes  on  ^  'Tp^l  Jhe  U^t^ent  off" 
at  not  greater  than  173-5  ohms  or  less  than  155  ohms.)    The  light  we 
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g.  SccMMe  th«  reaiBtanc©  to  70  ohms.    Decreaae  one  ohm  per 
■•oond  until  the  light  ooMt  on.    The  light  ehall  come  on  at  $0  (+  20) 
olflM  and  r*aain  on  at  all  valuet  less  than  30  ohma.    The  light  camf  on 
at  otuB» 

h.  Inereaae  the  resistance  at  one  chm  per  second  until  the  light 
goes  out.    The  light  shall  go  out  at  50  (^-20) -ohms.    The  light  went  out 

i.  Set  resistance  at  80  ohns.    Thi.  lighrt  shall  go  o'^*-  Break 
the  resistance  circuit  (r«iiove  one  wire  from  the  decade  \>ox).    The  light 

-ehLrcoL  on.    Beconneit  the  reelstance  circuit;  the  light  shall  go  out. 

Bote:    If  the  warning  light  does  not  operate  per  test  procedures, 
then  perform  the  calibration  procedure  outlined  in 
step  3a« 

3.  Calibrate 

a.  Set  the  decade  box  at  17U  (±  1.5)  ohma.    Carefully  turn  R7 
full  clockwise  (note:    do  not  force  R7,  turn  to  only  finger  tight),  then 
slowly  turn  R7  counterclockwise  until  the  lifi^it  just  c-^s  on. 

b.  Repeat  the  bench  test  procedure  steps  2a  through  2i. 
Check  with  the  lab  instructor  for  the  correct  anowers. 

Instructor's  Initials    


Answers  to  Exercise  3:    1.    280C  and  H^LAC     2.    decade  box     3-  SI 
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OBJECTIVE 

Aatociate  the  aame  of  each  cargo  bleed  air  coaponent  to  l^s 
operation  with  80%  accuracy. 

INSTRUCTIONS 

As  you  progress  through  this  text,  you  will  be  accomplishirg  the 
following  tasks: 

1,  Identifying  the  purpose,  of  the  cargo  aircraft  bleed  air  system, 

2,  Associating  the  functions  of  the  bleed  air  system  components  to 
their  names. 

3,  Traci'^g  through  the  bleed  air  system  electrical  control  cir- 
ctxi^  to  determine  system  operation, 

4,  Identifying  the  procedures  for  maintaining  the  bleed  air 
system.    These  tasks  will  aid  you  in  accomplishing  the  oblective  for 
this  l**8Son* 

The  text  presents  this  material  in  b.all  steps  called  "frames." 
After  e^ch  frame  you  are  asked  to  respond  by  completing  statements, 
matching  statements,  or  by  selecting  the  true  statement.    Read  the 
□atcrlal  carefully  before  TiaKlng  *:;e  responses.     The  correct  answers 
to  the  questions  are  given  at  the  back  of  the  text*     If  you  select 
'che  correct  answers,  continue  to  the  next  frame.     If  you  are  incorrect, 
re -a  the  material  again  and  correct  your  answers  before  continuing. 


Supersedes  :^ABR4  2:iI-?'T-:':r ,  3u  Januarv  l^^r}. 
OPR:     n^Q  TTG 

3370  TTGTC  -  iOO ,     t:VSR  -  t 


Framo  1 

In  pi^'^wa  sy 3 tenia  that  you  hav«  studied,  the  hot  engine  bleed  air  waa 
uaed  for  aiiveral  purpojies.    On  the  cargo  aircraft  that  you  will  be  atxidying 
in  thia  leason,  engine  bleed  air  ia  alao  used  for  aeveraJi.  purpoc  a.  These 
purpoaes  are  aa  foUona* 

1.  Air  conditioning  anc*  pressurizing  the  cabin  (flight  deck)  and  the 
cargo  conipartment. 

2.  Starting  engines. 

3.  Defogging  the  wiriahield. 

U.    Preheating  the  engine  compartments  (nacelle).    This  is  uaed  when 
operating  in  extreme  cold  climates. 

Driving  an  air  turbine  motor  (AIM).    An  ATM  is  a  unit  that  provides 
?l3ctrical  power  for  emergency  operation  or  for  ground  operation.    Tne  unit 
consists  of  a  turbine,  dri\     by  bleed  air,  that  drtves  an  alternator. 

6.  Anti-icing  the  leading  edges  of  the  wings  and  empennage  (tail  section) 

7.  Anti-icing  the  engine  air  intake  scoop  and  guide  vsnes. 

8.  Anti-icing  the  radome.  (The  radoma  covers  the  radar  unit  that  protrude 
from  the  nose  of  the  aircraft.) 

9.  Anti-icing  the  urinal  drains. 

Fill  in  the  blanks  to  complete  the  following  statements. 

1 .  Air  for  air  conditioning  the  cabin  and  cargo  caompartment  is 
supplied  from  the  engine  ^   system. 

2,  The  aircraft  engines  are  str-  '^ad  by  using  , 


3.    Anti-icing  of  the  aircraft  wing  leading  edges  is  accomplished  by 

'i3ing  hot    


Hot  angina  bleed  air  is  used  for  anti-icing  the  ergines  air 

  .  and  vanes  i 
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The  cargo  aircraft  that*  you  will  be  studying  in  this  lesson  has  four  engines. 
ELe^d  air  is  taken  from  all  four  en^es.    The  aii-  is  still  taken  from  the  last 
3tag«  of  oonipression.    However,  the  last  stage  of  compression  on  this  aircraft  is 
the  lUth  stage. 

A  ground  air  cart  can  also  be  used  on  this  aircraft  for  starting  engines  and 
for  operating  the  various  systems  when  the  aircraft  is  on  the  ground. 

The  cargo  aircraft  is  also  equipped  with  a  Gas  Turbine  Compressor  (GTC).  The 
GTC  is  a  small  jet  engine  that' is  mounted  in  the  left  wheel  well.    This  unit  is 
only  used  to  supply  bleed  air  for  ground  op<..  .-tion.    The  GTC  can  be  started  by 
electrical  power  from  the  aircraft  battery.    Then  ^he  bleed  air  from  the  GTC  can 
be  used  to  start  the  aircraft  engines,  or  zo  op  rate  any  of  the  systems  normally 
operated  by  bleed  air* 


Fill  in  the  blanks  to  complete  the  following  statements. 

] .    The  three  sources  of  th^  bleed  sir  for  the  cargo  aircraft  are  the 


compressor,  and 


cart  * 


2.    During  ground  operation,  blsed  air  can  oe  supplied  by  a 


cart^  by  a  gas  turbine 


^  or  by  tha 


engines. 


3.    The  purpose  of  the  GTC  is  to  supply 


air  daring 


opera c ion  only. 


Ml 

Frame  3 


Figure  1  shows  the  bleed  air  system  for  the  left  wing  and  f^iaelago,  the 
right  wing  ±3  the  sane  as  the  left  wing.  The  system  consists  of  section^  o^ 
stainless  steel  ducting,  engine  blaed  air  shutoff  valves,  a.id  wing  isolation 
valves. 

Locate  the  valves  in  figure  1  .    The  system  of  ducting  that  carries  the 
bleed  air  to  its  point  of  use  is  frequently  called  the  bleed  air  manifold. 
The  bleed  air  is  taken  from  each  of  the  four  engines  and  carried  to  the 
various  systems  by  the  bleed  air  ip-^nifold. 


^11  in  the  ^Is  ks  to  complete  the  following  statem6*.ts. 

1.    The  '  leed  air  system  conaiats  of   ducting, 

engine  bleed  air  ^   ,  and  wing   ^ 

valves . 

2   firing  fU^t,  air  for  aiiti-icing  is  provided  by  

>  2,  3,  U,)  engines. 


3v    I>jring  flight,  air  for  air  conditioning  is  provn.ded  by 
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ELeod  air  can  also  be  supplied  to  the  bleed  air  manifold  by  a  GTC, 
(gas  turbine  coapresaor).    The  GTC  is  installed  in  the  left  wheel  well.  The 
QTC  installation  is  shown  in  figure  2.    Again,  only  ourpose  is  to 

supply  bleeH  air  to  the  bleed  air  manifold •  It  is  only  used  for  operating 
the  system  v.J.le  the  aircraft  is  on  the  ground. 

Fill  in  the  blanks  tc  complete  the  following  stateronts, 

1 .    To  perform  a  ground  operational  check  of  a  system  requiring  bleed 
air,  the  air  can  be  supplied  by  either  a  ground 


corinressor  or  by  the  aii'cvaft 


STARTER 


HOUR  METER 


Oil  PRESSURE 
SVVITCH 


BLEED  SHUTOFF  AND 
LOAD  CONTROl  VALVE 


FUEL 
NOZZLE 


COMBUSTION 
CHAMBER 


CENT  IFUGAt 

swrra^  assemsl  t 


OIL  PRIME  SUTTON 
AND  CHECK  VALVE 


We  stated  in  frame  2  tb^t  air  could  be  ^applied  to  the  bleed  air  ' ^old 
by  a  ground  air  cart.    Figure  3  below  shows  the  ground  air  supply  cart. 

The  only  purpose  of  this  unit  is  to  supply  bleed  air  to  the  bleed  air 
manii'"»ld 

Thia  bleed  air  can  be  used  to  start  the  aircraft  engines  or  it  can  be  used 
to  operate  the  air  conditioning,  engine  preheat,  or  anti-icing  systems  when 
performing  ground  operational  checks* 

The  MA-1A  ground  air  cart  contains  a  small  jet  engine,  :nd  the  necessary 
controls  for  operation  and  control  of  the  unit. 

As  an  Environmental  Systems  Mechanic,  you  may  be  required  to  operate 
this  'init.    If  you  are  required  to  operate  this  unit,  you  will  be  trained 
on  the  operating  procedures  aft^r  you  are  assigned  to  a  maintenance  organ- 
ization. 


Figure  3. 
MA--1A  Ground  Air  Gart 

Pill  in  the  blanks  to  complete  the  following  statement. 

1 .    To  perform  a  ground  operational  check  of  a  system  requiring  bleed 

air  yuu  can  use  a   ^    ,  

as  a  ^^curce  of  air. 
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Frame  6 


Figure  h  show^  a  schematic  of  the  bleed  air  system.    The  air  from  the  lUth 
stage  of  compression  flows  through  a  check  valve,  then  to  the  engine  bleed  air 
shut  off  valve.    This  is  illustrated  for  engine  number  1,  all  four  engines  are 
the  same. 

During  normal  operation  all  four  er^rine  bleed  air  shutoff  valves  are  open. 
This  allcws  the  bleed  ci^r  from  all  fc..^  engines  to  flow  into  the  bleed  air  mani- 
fold. 

This  means  that  during  in-fUght  operation,  the  bleed  air  for  air  condition- 
ing or  anti-icing  systems  is  normally  supplied  by  all  ^our  engines. 

The  bleed  air  from  the  engines  can  also  be  ^^^ed  to  operate  the  systems  while 
the  aircraft  is  on  the  ground.    However,  it  is  usually  easier  to  use  the  GTC  or 
ground  air  cart  when  performing  ground  operational  checks. 

Also  notice  the  two  wing  isolation  valves  shown  in  the  illustration.  These 
valves  are  used  to  isolate  either  the  left  or  right  side  of  the  bleed  air  mani- 
fold. 

The  wing  isolation  valves  are  normally  open  at  all  times.    If  a  severe  leak 
develops,  the  wing  isolation  valves  are  used  to  close  that  portion  of  the-  system. 

For  examy.'le,  if  a  leak  develops  in  the  ducting  between  engines  number  1  and 
number  2  >  the  number  1  and  number  2  engine  bleed  3xr  shutoff  valves  would  be 
closed,  and  the  left  wing  isolation  val-^'e  would  be  closed. 

This  would  remove  all  airflow  .  ^om  the  left  manifold,  but  still  permit  air 
from  the  right  engines  to  be  used  for  air  conditioning  irA  pressurization . 

Notice  that  check  valves  are  located  at  each  Doint  where  it  is  necessary 
to  prevent  a  reverse  flow  of  air,    They  are  located  at  each  engine,  at  the 
ground  air  connection,  and  at  the  GTC . 

Fill  in  the  blanks  to  complete  the  following  statements. 

1  .    Air  for  the  bleed  air  system  is  supplied  by  the 
   compiessor,  or  a  ____ 


The  air  from  the  engines  " 3  controlled  by  an  engine 

valve . 


3-    Check  val'/es  are  used  at  each  y  at  the  ground  air 

 ,  and  at  ':he  


4.    If  a  leax  should  develop  in  the  righ^_  w:.ng  area^  tnis  section  of  the 
nanifolJ  can  be  closed  off  by  closing  tne     valve* 


_  or  txhe 
cart. 


^.    DuriOte^  norrr  1.1  in-fl::^ht  ::rerationo,   air  J^r  air  conditioni-ng  and  anti^ 
ijing  is  supplied  by  an^mes. 


a 


Figure  It. 
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Frame  7 


The  engine  bleed  air  shutoff  valves  are  28-volt  DC  motor  actuated, 
butterfly  type  valves.    Figure  $  shows  a  typical  engine  bleed  air  shutoff 
valve . 

Individual  Switches  are  provided  on  the  aircraft  instrument  panel  for 
control  of  each  valve.    Figure  6  shows  the  portion  uf  the  instruTosnt  panel 
t.hat  contains  the  switches  for  controlling  the  engine  bleed  air  shutoff 
•'.^ves  and  also  the  cor.trols  for  the  GTC. 

During  flight  all  four  engine  bleed  air  shutoff  valves  are  Ziormally 
open.    However,  the  pilot  can  close  anyone  of  the  valves  if  necessary  by 
placing  the  switch  to  the  CLOSE  position.    Notice  how  tha  bleed  air  mani- 
fold is  illustrated  on  the  instrument  panel. 


LCO^  ING  up 

Figure  6 , 

Fill  in  the  blanks  to  complQt.8  the  fallowing  st^^.ements. 

1 .    The  engine  bleed  air  shutoff  valves  are  actuated  by  a 


2.    Each  engine  bleed  air  shutoff  valva  13  controlled  by  a  oaparate 


Frame  8 

The  wing  isolation  valves  are  solenoid  controlled,  spring  actuated  valves • 

Th«  valve  is  held  open  by  a  solenoid  and  closed  5y  a  spring, 
•» 

Energizing  the  solenoid  releases  the  valve  poppet,  allowing  the  valve  to 
be  closed  by  the  spring. 

The  valve  can  only  be  reopened  by  a  mechanical  linkage.    This  is  done  by 
a  wing  isolation  valve  v^ontrol  lever.    The  control  lever  la  shown  in  fig-ora  7. 


Figure  7. 

Separate  switches  are  provided  o].  the  instrument  panel  for  closing  the 
wing  isolaticn  val/es.  These  switches  are  shown  in  figure  8.  The  switches 
are  marked  LH  WING  ISOLATION  VALVE  and  RH  WDIG  ISOLATION  VALVE , 


LOCKING  UP 

Figure  8. 
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Questions  f:>**  Frane  8. 

Pill  in  tha  blanks  to  coirg?lete  the  following  statements. 

1 .    The  vrin^  isolation  valves  are  closed  by  the   

switches . 


2.  The  purpo^  of  the  wing  isolc  l.n  valve  lever  is  to  

the  wing  isolation  valve. 

3.  Placing  the  wing  isolation  valve  switch  to  closed,  will  energize 

the 


■i7r> 
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Frame  9 


For  prDblem3  1,  2,  and  3  select  the  staten»nts  from  column  B  that  correctly 
complet«3  the  statement  given  in  column  A.    Place  the  letter  of  the  matching 
atat^iment  in  the  blank  sp^ce  providGd.    NOTE:    There  are  more  blanks  than  correct 
matching  statements. 


COLUMN  A 


COLUMN  B 


2. 


Bleed  air  is  used  on  the  cargo 
aircraft  for 


The  sources  of  bleed  air  on  the 
cargo  aircraft  are  


3«    The  bleed  air  system  consists  of 


A.  Air  Conditioning. 

B.  Starting  the  Engines. 

C.  Cooling  the  electronic 
equipment  compartment. 

D.  Leading  edge  an*-i-icing. 

E.  Rain  Removal. 

F.  Driving  an  ATM. 

G.  Engine  air  intake 
anti-icing. 

A.  All  h  engines 

B.  Engines  2  and  3  only. 

C.  Gas  turbine  compressor. 

D.  Ground  air  conditioner. 

E.  Ground  air  cart. 

A.  28V  DC  motor  operated 
engine  bleed  air  valves. 

B.  Solenoid  controlled,  air 
actuated  bleed  air  valves, 

C.  Aluminum  Ducting. 

D.  Stainless  Steel  Ducting. 

E.  Wing  isolation  valves. 

F.  Eody  crossover  valves. 

G.  Check  valves. 


Read  each  of  the  followjjig  statements,  then  mark  bheir.  as  either  True  (T)  or 
False  (F). 


7. 
3. 


The  wijag  isolation  valves  are  held  open  ^y  a  solenoid. 

The  wing  isolation  valves  are  closed  by  spring  tension. 

After  the  wing  isolation  valve  is  closed,  it  can  only  be  reopened 
mechanically. 

During  flight,  engine  bleed  air  is  normally  taken  only  from  angines 
1  &  2. 

The  bleed  air  from  the  GTC  can  be  used  to  start  the  aircraft  engines 
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The  electrical  circuits  for  controlling  the  bleed  ^ir  system  are  shown  in 
Poldout  1  (the  last  page  of  this  text).    Open  this  foldout. 

Locate  the  four  engine  bleed  air  shutoff  valves  and  the  LH  and  RH  isolation 
valves.    The  engine  bleed  air  shutoff  valves  are  each  controlled  by  an  engine 
bleed  air  control  switch. 

Locate  these  switches  on  the  diagram.  Placing  the  switch  to  OPEN  position 
directs  power  to  open  the  bleed  air  shutoff  valve.  . 

The  diagram  shows  each  of  those  switches  in  the  OPEN  position.    Placing  the 
switch  to  the  CLOSED  position  dirocuS  power  to  close  the  valve. 

Also  notice  that  vrtien  the  switch  is  placed  to  the  OPEN  position,  current 
has  to  go  through  a  second  switch,  which  is  actuated  by  the  fire  control  handle. 

In  case  of  an  engine  fire,  the  pilot  will  pull  the  fire  control  handle;  this 
will  cause  several  things  to  happen,  such  as  closing  off  the  fuel  supply  and  the 
bleed  air  shutoff  valve  to  close. 

Trace  the  circuit  for  control  of  Engine  No.  1  bleed  air  shutoff' valve . 
Starting  at  the  Engine  No.1  circuit  breaker,  follow  the  path  of  current  flow  to 
Engine  No.  1  bleed  air  valve  control  switch. 

With  the  switch  in  the  OPEN  position,  uurrent  will  flow  through  the  switch 
to  B2  of  the  fire  control  switch.  Current  will  go  through  this  switch  to  Pin  A 
of  the  No.  1  engine  bleed  air  shutoff  valve. 

This  will  cause  the  valve  motor  to  run  to  the  open  position*    Sow  follow 
the  path  of  current  flew  for  normal  closing  of  the  valve.    With  the  con^-rol 
switch  in  the  CLOSED  position,  current  will  flow  through  the  switch  to  31  of 
the  No.  1  jngine  bleed  air  shutoff  valve. 

With  the  NO.  1  engine  bleed  air  valve  switch  in  the  OPEN  position,  if  the 
fire  control  handle  is  pulled,  it  will  direct  power  to  close  the  valve. 

When  the  fire  control  handle  is  pulled,  it  moves  the  switch  contact,  conn- 
ecting B2  to  B1 .    This  directs  current  to  the  closed  side  cf  the  engine  bleed 
air  shutoff  valve. 

Notice  that  all  four  of  the  engine  bleed  air  shutofr  valve  circuits  are 
identical.    Since  we  have  followed  the  current  for  engine  No.  1,  you  should  be 
able  to  analyze  the  electrical  control  for  the  other  three. 

As  stated  earlier,  the  wing  isolation  valves  are  controlled  by  separate 
switches*    With  the  switches  in  NORMAL  there  is  no  current  flow  and  the  valves 
remain  open. 

Placing  either  switch  to  CLOSED  permits  current  f^ow  from  the  circuit  breaker 
to  the  valve  solenoid.    This  energizes  the  solenoid      .^n  releases  the  valve 
allowing  the  spring  rension  to  close  the  valve. 
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Fill  in  the  blanks  to  complete  the  following  stateinants, 

1 •    The  engine  bleed  air  ahutoff  valves  are  actuated  by 
volt  DC  .   


2,    Each  engine  bleed  air  ahutoff  valve  is  controlled  by  a  separate 
engine  bleed  air  valve  . 


3.    With  the  Mo.  3  engine  bleed  air  valve  switch  in  the  OPEN  position, 
pulling  the  "re  control  handle  will  cause  the  engine  bleed  air  shutoff 
valve  to 


ii.    The  LH  wing  isolation  valve  solenoid  is  ^  ^rgized  when  the  LH 

wing  isolation  valve  vswitch  is  in  the  ^(norm<^/ 

closed)  position. 


Frame  11 


A  bleed  n&nifold  pressure  gage  is  located  in  the  cockpit.    Figure  9  shows 
the  gage  and  illustrates  how  xt  is  connected  to  the  bleed  air  manifold. 

This  gage  indicates  the  bleed  air  pressure  in  the  bleed  air  manifold.  It 
serves  to  keep  the  pilot  informed  cf  the  pressure  in  the  manifold;,  and  can  also 
be  used  by  maintenance  personnel  (you)  when  checking  to  determine  if  the  system 
has  excessive  leakage. 

When  using  the  MA-1A  ground  air  cart  of  the  GTC,  the  gage  will  normlilly 
indicate  approximately  UO  psi.    When  the  engines  are  supplying  air  to  the  man- 
ifold the  gage  will  indicate  approximately  70  psi.    However  this  will  depend 
on  the  engine  throttle  settings. 


Fill  in  the  blanlts  to  complete  trie  following  statements. 


2.    Tlite  bleed  air  system  can  be  ahecked  for  excessive  leakage  by  using  the 


1  . 


pressure  in  the  bleed  air  manifold  is  indicated  by  a 


bleed  manifold 
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Maintenance  on  bleed  air  systems  ia  similar  for  all  aircraft.  However, 
you  should  always  refer  to  the  applicable  aircraft  technical  order  to  obtain 
specific  instructions.    General  inspection  and  maintenance  consists  of: 

1.    Checking  bleed  air  ducting  for  corrosion,  cracks  and  dents. 

*  2.    Checking  duct  couplir'^s  (clamps)  for  security. 

3-    Checking  duct  insulation  for  tears  or  saturation  from  oil  or  hydraulic 
fluid.  ^ 

I4.    Removing  and  repldcing  sections  of  ducting,  clamps,  gaskets,  and  com- 
ponents, such  as  bloed  air  valves. 

5.    Checking  system  for  leakage.' 

Checking  the  system  for  leakage  is  accomplished  in  various  ways.  The  system 
can  be  checked  to  determine  if*  excessive  leakage  exists  by  observing  the  pressure 
^age  and  timing  the  pressure  drop  when  the  system  is  turned  off. 

This  method  of  testing  will  locate  extreme  leakage  through  rup+areJ^cts, 
missing  V-band  couplings  and  gaskets,  or  it  will  indicate  a  shutoff  valve  that 
has  failed  to  close. 

The  pressure  decay  method  of  leak  testing  is  accomplished  by  assuring*  all 
systems  are  turned  off,  then  pressurizing  the  bleed  air  rystem  using  the  GTC  or 
by  running  the  engines.    An  exainpie  <3f  this  procedure  would  be  as  follows: 

1 .  With  the  GTC  running,  allow  the  bleed  air  manifold  pressure  to  buildup 
to  35  psi.    Then  close  off  the  air  from  the  GTC,  thus  trapping  the  air  in  the 
bleed  air  manifold. 

2.  Using  a  stop  watch,  time  the  pressure  drop  as  it  drops  from  30  psi  to 
15  psi.    If  the  time  for  the  pressure  to  drop  from  30  psi  to  1$  psi  is  less  than 
8.$  seconds,  the  leakage  at  some  point  in  the  manifold  is  excessive. 

If  the  time  is  greater  than  8.5  3econd3>  the  leakage  is  not  excessive. v  / 
The  pressure  will  drop  as  there  is  an  allowable  leakage  around  some  valves  and  te^ 
through  the  urinal  drain  anti-icing  tubes.       *  ^ 

Locati^ig  leaks  is  done  by  the  hand  survey  method.    This  is  accomplished  by 
pressurizing  the  manifold  with  the  GTC,  then  cautiously  feeling  around  each 
duct  connection  or  area  where  leakage  is  suspected.     Reiaetnber,  this  air  and 
the  ducts  can  a till  ba  v§ry  hoc. 


'lb  J 
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Questions  for  Frame  12.  "  ^  '^^^ 

Fill  in  the  blanks  to  complete  the  following  statements. 

1 .  To  determine  specific  procedures  for  maintaining  a  bleed  air  system, 
you  should  refer  to  the  applicable   

2.  To  determine  if  the  leakage  from  a  bleed  axr  manifold  is  within  the 
allowable  specifications,  you  should  leak  test  the  system  using  the 


3.    In  the  example  given  for  leak  checking  a  bleed  air  system,  if  the 
pressure  drops  from  30  psi  to  1$  psi  in  6  seconds,  tliis  would  indicate 
«  normal  system/excessive  leakage), 

k*  'If  excessive  leakage  is  indicated  when  performing  a  leak  test,  by 
the  pressure,  decay  method,  the  trouble  could  be  caused  by  an  engine  bleed 
air  sfiutoff  valve  failing  to  
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^  Place  a  T  or  F  in  the  blank  to  Indicate  whether  the  statement  is  True  or 
False- 

 ^1    "^Engine  bleed  air  is  used  o;i  the  cai*go  aircraft  for  starting  engines, 

air  conditioning  and  pressurizing  the  cabin,  anti-icing  the  wings, 
empennage  -and  engine  air  intakes^ and  for  driving  an  air  turbine  motor. 

2.  When  performing  a  ground  operational  check,  bleed  air  can  be  supplied 
by  either  the  engines,  GTC,  or  ground  air  supply  cart, 

3.  During  riight,  engine  bleed  air  is  normally  supplied  by  Engines  NO.  1 
and  NO.  2  only. 

 li.    Closing  of  the  wing  isolation  valves  is  accomplished  by  energiatng  a 

solenoid.  i 

 5»    During  flight,  the  wing  isolation  yalves  are  normally  closed. 

 6.    The  engine  bleed  air  shutoff  valves  ara  actuated  by  a  28  volt  DC  m^r. 


 ^7.    The  bleed  manifold  pressure  gage  is  used  when  performing  a  leak  test 

of  the  bleed  air  system  by  the  pressure  decay  method. 

 8.  When  the  bleed  air  system  is  checked  for  excessive  leakage  by  the  pres- 
sure decay  method,  the  pressure  drops  from  30  psi  to  15  psi  in  20  sec%; 
this  indicates  excessive  leakage. 

9.    When  a  fire  control  handle  i.s  pulled  it  will  cause  tj^e  engine  Uleed  air 
shutoff  valve  to  close  for  that  particular  engine. 

s 

Select  the  correct  answer  or  answers  to  the  following  question. 

1  >.  The^o.  2  engine  bleed  air  shutoff  valve  fails  to  close.  This  could  be 
caused  bjr  -  '    ^  , 

a.    a  defective  shutoff  valve  motor, 
"^b.    the  fire  ::ontrol  handle  being  p^Qd^out. 

c.  the  isolation  valve  switch  being  in  normal. 

d.  an  *open  in  the  electrical  circuit  between  B1  of  the  fire  control 
handle  and  B  of  the  valve  motor. 

■) 
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CORRECr  RESPONSES  TO  ALL  THE  FRAMES, 
FraiLe  1 

1.  bleed  air 

2.  bleed  air 

3*    engine  ble^d  air 

4.    intake  scodp  and  guide 

Frame  2 

1.  engines y  gas  turbine,  ground  air 

2.  ground  air,  compressor  1 

3.  bleed,  ground 

Frame  3 


Fram  9  (Continued) 


4, 
5, 
6. 
7. 
8. 


I 
T 

I 
F 

T 


FraM  10 

1.  28  aaotors 

2.  switch 

3.  close  ' 

4.  closed 


1.  stainless  steel,  shutolf  valves, 
isolation 

2.  4  ^  ' 

3.  4 

Frame  f 

1.    air  cart;  ^ 
gas  turbine 
engines 

Frasie  5 

1.  ground  air  cart  % 
Frame  6 

1.  engines,  gas  turbine,  ground  air 

2.  bl^ed"  aiT,  shutoff 

3.  engine,  connection,  gas  tAbine  cos^ressor 

4.  wing  isglation 

5.  all  four 


Frame  7 

1.  28V  JDC  motor 

2.  switch'  ' 

Frame  8 
^  r   /  / 

1.  wing  isolation  valve 

2.  open  * 

3.  aiol^noid  . 

* 

F'raae  9 


Frame  11 

J.«  pressure  gage 
2«    pressure  gage 

Frame  12 

1,  te    aical  or^der 

2.  pressure  decay 

3.  excessive  leakage 

4,  close 


Frame 

13 

1.  T 

2.-  T 

3.  F 

4.  T 

5.  F 

6.  T 

7.  T 

8.  F 

9.  T 

10.  a 

and 

X.     A  B  D  P  G 

2.  ACE 

3.  A  D  E  G 
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FOREWORD 


This  programmed  text  w^s^ prepared  for  use  in  course  3ABR42331. 
Th€  ttaterial  contained  herein  has  been  validated  using  thirty  42010 
students  enrolled  in  th'e  3ABR42331  course.    Nltiety  percent  of  the 
students  taking  this  text  achieved  or  surpassed  the  criterion  called 
for  in  the  approved  lesson  objective.    The  average  student  required 
207  minutes  to  complete  this  workbook. 

OBJECTIVES         ,    '  i  > 

'    Using  a  wiring  diagram,  identify  four  out  of  five  given  anti- 
icing  system  control  circuit  troubles ^ 

In  order  for  yoo  to 'accomplish  this  objective  the  following 
a^reas  will  be  covered  by  this 'programmed  text. 

^  1.      The  purpose  of  the  wing  and  empennage  anti-icing  systems. 

2.      The  function  of  tlie  wing  and  empennage  anti€"i<iiTig  system 
components. 

*3.      The  normal  operation  of  the  wing  and  empennage  ant'i-;::2citig 
S3's  terns . 

4*      Th'e  operation  of  the  wing  and  empennage  anti-icin^  control 
cirj  uits  and  overheat  warning  circuits. 

INSTRUCTIONS 

This  text  presents  material  in  small  steps  called  "frames." 
After  each  frame  you  arc  asked  to  respond  by  c*  npleting  statements, 
matching  statements,  or  by  selecting  the  true  statements.  Read  the 
'material  carefully  before  making  the  response..  The  correct  answers 
to  the  responses  are  given  ott  the  top  jof  the  next  page  of  the  text. 
If  yoa  select  the  correct  answers,  continue  to  the  i*jxt  frame.  If 
you  are  incorrect,  read  the  material  agskin  and  correct  your  answers 
before  continuing. 


Supersedes  3AB^i42231-PT-207A,   .  4  January  197  3 . 
0?R:     3370TTG  ' 
DIST?I3UTI0N:     X    •  ' 
3  370rTaiC  -150;  TTVSR  1 
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France  1 

In  the  past  lesson  you  studied  the  oargo  aircraft  b^2$d  air 
system^    You  sKouJd  recall  from  that  lessort  that  on  the  cargo  air- 
craft, bleed  air  i>  used  for  several  purposes,  and  that  one  of  these 
purposes  was  to  anti-ice  the  leading  edge  surfaces  of  the  aircraft. 

You  should  also  recall*  that  on  the  cargo  aircraft,  *-he  bleed 
air  can  be  supplied  to  th«  bleed  air  .manifold  by  the  engines,  a  GTC, 
or  by  a  ground  air  supply  cart. 

In  this  lesson  you  will  study  the  anti-icing  ..ystera  which  stops 
ice  from  building  up  on  the  leading  edge  of  the  win^s  and  empennage 
surfaces. 

You  will  learn  that  hot  engine  bleed  air  is  used  to  stop  ice 
from  forming  on  these  surfaces  and  how  this  bleed  air  is  controlled. 

.  You  should  keep  in  mind  that  even  though  there  are  three 
sources  of  bleed  air,  the  only  sour^^e  that  can  be  used  to  operate 
the  anti--icing  system  while  th^  aircraft  is  in  flight  is  the  air 
frotp  the  engines. 

As  was  said  in  the  past  text,  this  air  is  supplied  from  all  four 
engines.     For  ground  operation,  the  GTC  o  -  ground  air  supply  cart 
can  be  used. 


Fill  in  the  blanks  to  complete  che  following  statements < 

1,      One  ourpose  of  the  engine  bleed  air  is  tor 
the  wing  and  empennage  leading  edges • 


2.      During  flight,  bl/ed  air  supplied  to  the  bleed  air  nanifold 


pn  the  cargo  aircraft  by  the 


3 


Answers  to  FraiD^  1: 


1.    anti-Icing       2.  engines. 


Anti-icing  systems  are  required  to  £reverU_ice_l;^oni  forming  which 
could  force  the  aircraft  ro  land  or  crash. 

Some  aircraft  use  anti-icing  systems  for  the  wings  and  erapennage 
(taU  section),  and  for  anti-icing  areas  such  as  the  radome.  Others 
iay'use  the  anti-icing  systems  for  the  engine  inlet  air  du.ts  only, 
while  others  may  not  have  any  anti -icing  systems. 

In-  addition  to  the  ant.-icing  system,  an  autoniatic  ice  detection 
system  is  oftenused.    The  cargo  aircraft  that  you  «ill  be  studying 
has  several  anti-icing  systeud  p.lus  an  ice  detection  system.  . 

Figure  1  shcvs  the  :rain  areas  that  are  ^nti-iced  on  this  aircraft. 
These  areas  incJude;     (1)  the  leading  edge  of  the  wings.  (2)  the 
fading  edge  of  the  horizontal  stabilizer.  (3)  the  leading  edge  oc  the 
vertSl  sLbilizer.  W  the  engine  inlet  air  duct  and  (5)  the  radome. 


Figure  1. 

Fill  in  the  blanks  to  coniplete  the  following  statements 
1. 


The  pur,>ose  of  an  amti-icing  system  is  to  _  _ 

from  accumulating. 

Th.e  areas  that  are  anti-iced  on  the  cargo  aircraft  include  the 

of  the' wings,  the  engine   


.  the  leading  ec  a  of  the   


4 


.^swers  to  Frame  2:    1.  prevent    J.  leading  edge,  inlet  air  duct 

vertical  stabilizer. 


m 


Frar.e  3 

In  this  lasron  you  will  SDudy  only  the  wing  and  empennage  antl^ 
icing  system.     The  engine  air  intake  duct  anti-icing  system  wall  be 
talked  about  in  your  next  lesson« 

The  wing  and  empennage  anti-icing  system  is  made  up  of  the 
ducting  and  valves  necessary  to  direct  the  hot  engine  bleed  air 
to  the  leading  edge  surfaces. 

Figure  2  shows  the  ducting  for  the  right  wing.    The  lef**  wing  is 
the  same  asjthe  right  wing  so  it  will  not  be  taken  up. 

The  wing  1 3a<Jing  edge  anti-icing  system  Is  split  up  into  the  left 
and  right  wing  systems.    Then,  in  each  wing  the  anti-icing  system  is 
further  split  up  into  an  inboard  section  and  an  outboard  section . 

In  the  sketch  shown,  (A)  is  the  inboard  section,  and  (B)  is  the 
outboard  section.     The  airflow  from  the  bleed  air  manifold  to  each 
section  13  controlled  by  dn  anti-icing  shutoff  valve.     The  inboard 
section  is  controlled  by  the  valve  .irked  (C)  and  .the  outboard  section 
is  controlled  by  the  valve  marked  (D)^ 


O  O 


o  o 


Figure  2. 

Remember,  this  only  shows  the  right  wing.    The  left  wing  is 
identical*    This  means  there  are  four  valves  that  control  bleed  air- 
flow for  anti-icing  the  wing  leading  edge. 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.  l^e  wing  leading  edge  anti-icing  system  is  divided  into  an 
 ^^^^   section  in  each  wing. 

2.  The  bleed  airflow  for  wing  anti-icing  is  controlled  by   

shutof f  valves . 

3.  The  wing  leading  edge  anti-icing  is  controlled  by   


(2/4)  valves, 


ERIC 


Answei  to  Fra.ae  3:     1.  inboard-outboard      2.    anti-icing    3,  four 


Frame  4 

The  empennage  anti-icing  system  is  also  split  up  into  two 
s«>crions.    Figure  3  show^  this  system. 

Section  (A)  provides  air  for  anti-icing  the  left  horizontal 
stabiliser  and  the  upper  portion  of  the  vertical  stabilizer. 

Section  (B)  provides  air  for  anti-icmg  the  right  horizontal 
stabilizer  and  the  lower  portion  of  the  vertical  stabilizer. 


Figure  3. 


Each  section  is  controlled  by  a  separate  anti-icing  system  shutoff 
valve  The  valve  marked  (C)  controls  bleed  air  for  anti-icing  the  left 
horizontal  stabilizer  and  the  upper  portion  of  the  vertical  stabilizer. 

The  valve  marked  (D)  controls  the  bleed  air  for  anti-icing  the 
righu  horizontal  stabilizer  and  the  lower  section  of  the  vertical  * 
stabilizer. 

This  means  th^re  are  a  total  of  six  anti-icing' shutoff  valves  In 
the  anti-icing  system;  two  in  the  empennage  and  four  in  the  wings. 

Fill  in  the  blanks  to  jonplete  the  following  statements. 

1.  rne  empennage  anti-icing  system  is  divided  into    sections. 

2.  The  leading  edge  anti-icing  system  contains  a  total  of   — 

valves . 

3.  Anti-icing  of  the  upper  portion  of  the  vertical  stabilizer  and 

the  left  horizontal  stabilizer  is  controlled  by   

(the  same/different)  valve(s) . 


432  . 


Answers  to  Frame  4; 


two 


SIX 


the  same 


Frame  5 


The  bleeW  air  used  fo-  the  leading  edge  ^nti-icing  system^s 
controlled  b^lalr  actuated,  solenoid  conirolled  valves 

I  , 

In  the  past  frames,  these  valves  were  referred  to  as  anti-icing 
^systeca  shutoff  valves.     For  the  remainder  of  the  text  these  valves 
will  simply  be  called  anti- icing  valves ?    All  six  valves  are  the  sazie. 
The  anti-icing  valve  is  shown  in  figure  4. 


SOLENOID 


ANTMCING  VALVS 


Figure  4, 

Fill  in  the  blanks  to  complete  the  following  statements. 
1.      Anti-icing  valves  are  actuated  (opened/closed)  by  _ 


2.      The  ant:i- icing  valves  are  controlled  by  a 


1 

7 
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Ans^irs  to  Frame  5:  1 


air  pressure*     2,  solenoid 


Frame  6 


V  4 


Figure  5  shows  an  internal  view  of  the  anti-ici^g  valve.-  The 
operation  of  this  valve  is  somewhat  different  from  those  you  have 
studied  in  the  past- 

This  ^'alve  is  mdd.<  up  cf  a  solenoid,  actuator,  piston,  return 
spring,  orifice,  and  orifice  seal.    The  opening  that  the  air  flows 
through  is  called  an  orifice,  and  th-e  plate  that  opens  and  closes  is 
called  the  orifice  seal. 

Find  each  of  these  parts  on  the  sketch  shown. 


soifi^oio 

BUED  ORiMCE 


\ 


Figure  5. 


Let's  see  how 


Tlie  sketch  shows  the  valve  in.  the  closed  position, 
the  valve  ijs  held  closed. 

Eiifcyxne  bleeJ  air  from  the  bleed  air  manifold  flows  in  and  surrounds 
the  actuator  (show*     y  the  arrows) . 

Now  note  the  bleed  orifice  in  the  side  of  the  actuator.     The  air 
that  flows  around  Vhe  actuator  will  also  flow  into  this  orifice.  This 
will  equalize  the  pressure  inside  the  actuator  w^th  the  pressure 
surrounding  the  actuator  and  equalizes  the  pressure  on  each  side  of 
the  piste.  . 

Notice  that  the  piston  and  orifice  seal  aire  connected.  Since  the 
pressure  is  the  same  on  each  side  of  the  piston,  it  will  not  move,  and 
the  return  spring  will  hold  tKe  orifice  seal  closed. 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.  Ihe  opening  in  the  anti-icing  valve  that  air  flows  through  is 
called  an  • 

2.  When  the  pressure  inside  of  the  actuator  :s  equal  to  the  pressure 
surrounding  the  actuator,  the  valve  will  be  . 
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Answers  to  Frame  6:      1.    orifice-    2.  closed. 


/?/? 


Frame  7 

Wa  said  earlier  that  the  anti-icing  valve  is  controlled  by  a 
solenoid.    Let'^  see  how  this  is  done. 

To  open  the  valve,  the  solenoid  raustfbe  energized.    Remember,  the 
valve  was  held  closed  by  allowing  Che  air  pressure  to  bxeed  in  through 
the  bleed  orifice.  ^Thls  keeps  the  air  pressure  the  same  on  each  side 
of  the  piston. 

When  the  solenoid  is  energized,  it  opens  a  vcn^  port.    Note  the 
vent  port  in  the  sketch  shown. 

Vrit;h  the  vent  port  open,,  the  air  bleeds  in  through  the  bleed 
orifice  and  continues  to  flow  out  through  the  vent  port.    This  will 
stop  the  pressure  from  building  up  inside  the  actuator  and  will  result 
in  a  difference  in  pressure  on  the  piston. 

The  pressure  will  be  greater  on  side  B  than  on  side  A  (see  figure  6) 
This  pressure  will  overcome  the  spring  tension  and  cause  the  actuator  to 
move,  which  also  moves  the  orifice  seal.  ,  This  will  open  the  valve. 

Figure  6  shows  the  valve  in  the  open  position. 


Figure  6. 


Fill  in  the  blanks  to  complete  t\ie  following  statements, 

I.      Wlien  the  solenoid  is  energized,  it  opens  a  

2. 
3. 


port . 


The  anti-icing  valve  is  opened  by  a  difference  m 


When  the  solenoid  is  energized »  the  pressure  vill  be 
surrounding  the  actuator  than  inside  the  actuator. 


AnsweiTS  to  Frame  7: 


vent 


pressure  "'^B » greater 


Frame  8 

Now  that  you  know  the  anti-icing  valves  are  controlled  by  energizing 
and  deenergizing  a  solenoid,  let's  see  how  the  solenoid  is  controlled, 

'Tiere  are  two  switches  on  the  instrument  panel  that  control  th§ 
leading  edge  anti-icing. 

One  switch  controls  the  wing  anti-icing  and  one  controls  the 
empennage  anti-icing.' 

The  switch  for  the  wings,  controls  all  four  wing  anti-icing  valves, 
and  the  switch  for  the  empennage  controls  both  empennafe  anti-icing 
valves . 

T^e  sketch  shews  the  circuit  for  controlling  one  val^t.    This  same 
circuit  controls  the  other  valves  also. 

Detail  A  shows  the  switches  that  control  the  valves,    v^en  either 
of  these  switches  is  placed  to  the  on  position,  it  energizes  the  solenoids 
*  n  the  valv3s  for  that  system. 


(  WING  ANO    '  \ 

^ — n — 


f  ON 

/  ' 

OiClJIT  IOAJUI  / 


L  I 


Fill  in 


Figure  7, 

ul^.nks  to  complete  the  following  statements. 


1. 

2. 
3. 


The  horizontal  and  vertical  stabilizer  anti-icing  system  is 
controlled  by  the  „^__  switch. 


The  wing  anti-icing  switch  cont;rols 


(1,  2,  3,  or  4)  valves. 


The  voltage  required  for  energizing  the  anti-icing  valve 
solenoids  is 


4.      The  enpannage  anti-icing  switch  controls 


(1,  2,  3,  or  4)  valves. 


open  the  anti-icing  valves,  the  solenoid  nust  be 


10 


erJc 


o 
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Answers  to  Frame  8: 


1.  anti-icing  empennage  2.  4 
5,.  energized. 


■/?/? 


3.  2SV  DC    4,  2 


Frame  9 


With  the  anti-icing  valves  open,  the  hot  bleed  ^r  flows  into  the 
leading  edge  ant i-icing. ducts .    Remember,  che^^-bleed  4ir  is  extremely  hot, 
i¥  the  bleed  air  was  circulated  through  the  wing  itself,  it  could  damage 
the  wing  surface.  v 
i 

To  reduce  this  temperature,  the  bleed  air  is  mixed  with  the 
surrounding  "ambient^'  air. 

The  bleed  air  is  directed  into  a  duct  that  contains  several  small 
ejector  nozzles.    The  ejector  nozzles  44.rect  the  bleed  air^ioto  a  formed 
venturi  as  shown  in  figure  8,  detail  A.  .This  causes  a  low  pressure  area 
between  4:he  ejectors  and  the  formed  venturi  whiqrh  pulls  iri  ^bient  air. 

•  # 

The  ambient  air  mixes  with  the  blee4  air.    The  ambient  air  is  much 
cooler  than  the  bleed  air  and  reduces  the  temperature  of  the,  air 
circulating  against  the  leading  edge"  surface.    This  mixtu^re  of  bleed 
air  and  ambient  air  then  passes  through  small  passages  iA  the  leading 
edge  surface*    This  is  shown  in  detail  B  of  the  sketch. 

After  the  air  flows  through  the  passages  it  is  pulled  back  into  the 
venturi  by  the  ejectors.    This  mj.xes  with  more  bleed  air  and  the  air 
recirculates  through  the  passages. 

This  recirculating  process  continues  as  long  as  the  anti-icing 
system  is  on.    As  the  air  reaches  the  outboard  tip  of  the  leading  edge  " 
surface,  it  is  vented  overboari  through  a  vent. 


LEADING  COC£ 

FORMED 
VENTUR! 


Figure  8 


11 
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Frame  9  (Cont'd) 


Fill       the  blanks  to  complete  the  following  statements. 

1.      The  temperature  of  the  air  circulating  against  the  skxn  of  the 


leading  edge  is  cooled  by  mixing 


ail  anu 


air, 


2. 


Aaibient  air  is  mixed  with  bl,eed  air  b^  act^ion  of  the 

and  formed   .  


After  recirculating  through  the  passages,  the  anti--icing  air  is 
  overboard • 


0 


/ 


c 


12 
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Answers  tQ  Franie  9:    1.  ■  bleed,  ambient    2.  ejector  nozzles,  venturi 

3.  vented- 


Frame  10 

rh«  Z^^^         recirculating  of  air  through  the  leading  edge  ducts. 
op:rI;-ing"Ing:/"  ""^^  ^"^^  S°  ^ 

to  cyrtj^e%^^i!i:.i^«  :iv:rrroir°""°^  -^^^ 

ther^o^^It^t^eS  To  iX'llVo'tZ''^:  '^^^^^  ""^"^ 

One  is  how  a  mercurv  IhllzK  concepts  that  may  be  new  to  you. 

the  antl-lcing  control  thera^eSr       /""'"S  circuits  are  used  In 
ther^oatet.  end  m  the  rcne^^:^Iof sj^r t^iritll -rnliter. 

co„tr^'rvL;e^!Tu"rp'?,"::tia:uL"^^%r;h'^  ^ 

ther.»eter.    A^rcury  ther^oste?  Is  sl"lLf  *  ^  IT.^y^^lT^^,,^. 

The  mercury  is  housed  in  a  glass  tube.  WFiPn-M,» 
the  glass  tube  goes  up.  the  mercury  JiU  e^paS  " 
rise  in  the  tube.    When  the  temperlture'  go2  dL  ^} 
will  make  it  fall  in  the  tube.  *        '^^^  "^^^^ 

Since  we  know  that  mercil»^  is  temperature  sensitive  i^  u  ■ 

easy  to  see  that  it  can  be  usH  in  a  temperature  control 'device 

To  show  how  a  mercury  thermostat  can  be  used  as  a  temperature 
sensitive  control  device,  we'll  start.with  a  very  simpll  rtroTcircuit. 

M^fc  ^^^"r  ^^^^"^  ^  mercury  thermostat  that  controls  a  light  bulb  In 

temperature  is  below  some  set  value  ^he 
mil  SlJ  IL  k""'"  "         temperature  goes  past  th^  set       ^e  the 

.re.  thermostat  acts  as  a  switch  for  the  light.    The  shaded 

area  shows  the  mercury  after  the  temperature  goes  up.    Lte  ^hat  thT 
mercury  completes  a  circuit  to  turn  on  the  light 


Frame  10  (Cont'd) 


N 

Fill  In  the  blanks  to  complete  the  follot^ring  stateiients. 

1.  An  increase  in  temperature  will  cause  the  naercury  to   

(expand/contract) .  * 

2.  The  mgrcury  thenifbstat  can  be  used  as  a  temperature  sensitive 


3.      In  the  basic  circuit  illustrated  in  figure  9,  an  increase  in 
^  temperature  vill  turn  the  light  (on/off)\ 


/ 


14 


o  o 


Aiuwers  to  Frame  10:    1.  expand 


2. 


•switch   .  3. 


on 


^     ^  '^'S^ane  11 

•       Now  let's  put -the  mercury  thermostat  to  work  controlling  a 
solenoid  valve  ^-^  s  ^ 

*  r./.l^T,  *  "^^"^^  ^^^^  a  mercury  then=o^tat  to  control 

'  LHin^  iJ??  J"  .  solenoim.     In  this  circuit,  the  ^ 

i:i:T\L:^l\i;  ninT^  ^^-^^"^^^ 

^fin•p^^^^*  ^^"^  temperature  on  all  sides  of  the  thermostat  gets  to 
.  180  P.  the  mercury  will  rise  .to  the  180»F  contact  nolnt  Uhr.Zr,\ 
^aded  space)  ^ich^mpletes  the  ground  cjrcuiffor  ^he  reUy.  ' 

Let's  see  how  this  circuit  works.    UTien  d?S  switch  i^  closed 
(TOved.to  tHe  on  posltio-n).  a  oath  for  28V  bc  is  completed^throufh 
point  .A  and  point  B  on  the  solanoid  coil,  through  the  reUy  con'aSrs 
to  ground.    This  wiU  energize  the  solenoid.  ^  contacts. 

When  the  temperature  huilds  up  to  180"F.  the  mercury  will  rise 
^  ?M«'!?f.        ^  Patft^thrftu^h  the  mercury  to  ground  for  the  rel.y  coil 
Hit  «n"gi2e  the>relay,  and  pull  the  contacts  down.    Note  that' 

this  will  open  the  ground  circuit  for  the  solenoid, 

.  rho         *^h«/VPerature  drops  below  180»F.  the  mercury  will  drop  in 
the  t^e  and  open  the  circuit  to  the  relay.    This  will  deenergize  the 
relar.  and  complete  the  circuit  to  the- solenoid  ground.    Now  the 

■•  solenoid  will  again^be  antrgized. 


SOICN 


A  t 


fl'l'l'l- 


Flgure  JiO. 

Remember,  the  temperature  of  the  air  determines  the  height  of  the 
cury;    The  height  of  the  mercury  detsrmines  which  circuit  Is  operating. 
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Frame  11  (Cont'd) 


Fill  in  the  blanks  to  complete  the  following  statements , ' 


1,  When  the  mercury  in  the  thermostat  reaches  the  IFj^F  point,  the 
^relay  will  be     '   (energized/d  energized)  • 

2.  VQien  the  relay  i^  energized,  the  solenoid  will  be   

(energized/ deenergized) . 


3«      The 'thermos  tat  asserabl^y  (relay  ^d  thermostat)  controls  the 

circuit  of  the  solenoid. 


a 


16 


50;: 


o 
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Answers  to  Frame  11:    1.    energized      2,    deenergized  3, 


ground 


Frane  12 

*  '     We've  seen  how  a  mercury  thermostat  can  be  used  to  deenergize  a 
solenoid  at  ISO^'F,    Now  let  us  assume  we  want  the  solenoid  to  stay 
deenergized  until  the  temperature  drops  several  degrees  below  the  180®F 
setMng  (let's  say  to  158^f).    This  is  where  the  "hol<^^'ng  circuit"  will 
be  used. 

Figure  11  shros  the  {^ane  mercury  therr.ostat  control  circuit  as 
before  but  noK  a  holding  circui*:  has  been  added  and  is  shown  by  the 
dark,  bold  lines- 

Frame  10  showed  how  a  r.ercury  thermostat  could  ba  used  to  control 
a  valve  (solenoid)  at  ISO'^F.    Tn  that  circuit  the  retay  was  energized 
as  the  temperature  reached  130® F,  and  deenergized  as  the  .emperature 
dropped  below  180®F. 

'    Now  let's  see  how  the  thermostat  control  circuic^can  energize  the 
relay  when  the  temperature  reaches  180®F  and  then  keep  it  energized 
until  the  temperature  drops  below  158^F. 


Figure  11. 

'    Figure  11  shows  the  mercury  on  the  rise  due  ^    a  temperature 
increase.    The  mercury  will  first  come  in  contact  with  the  ISS^'F 
point.    But,  note 'that  since  the  relay  is  still  deenergized  it  will 
have  no  effect  on  our  control  circuit. 

As  the  temperature  goel  up  the  mercury  will  rise  in  the  tube  to 
the  180*F  point.    This  will  complete  the  ground  circuit  to  the  relay 
coil  and  will  energize  the  relay.    With  the  relay  energized,  note 
that  the  relay  coil  now  has  a  second  path  to  ground  through  the 
lower  relay  contact  and  through  the  ISS^'F  point*  on  the  thermostat » 

Now  as  the  temperature  drops,  the  mercury  also  drops.     But  now 
the  circuit  through  the  ISS'^F  point  will  keep  the  relay  energized 
until  the  temperature  drops  below  158*^ F. 

\ 


ERIC   ■  -^r 


rr..-e  12  (Cent  ' d) 


The  circuit  throu-h  the  1S8^F  point  servers  to  h old ^ the  relay 
ererslied  while  the  ter^perature  drops  from  180*F  to  158^F.  This 
is  why  it  is  called  a  holding  circuit. 

rnat  effect  does  the  holding  circuit  have  on  the  solenoid?  Whe-» 
the  r  lay  is  energized,  the  solenoid  will  be  deenergized.     From  this 
we  can  see  that  the  solenoid  will  be  deenergized  whan  the  terr.peracure 
rises  to  ISO'^F  and  will  stay  deenergized  until  the  temperature  drops 
below  158"F. 


Fill  in  the  blanks  to  co:rplete  the  following  statenents* 

A 

1.  After  the  tremperature  reaches  180°F,  the  solenoid  will  regain 

(energized/ deenergized')  until  the  tenipHuauure 
J"     drops  l^elow*  ISS^'F  due  to  the   -  

2.  The  mercury  thermostat  provides  the  ground  circuit  for  the 


mi 

Answers  to  Frame  12:      1-    daenergized ,  holding  circuit    2,  relay 


O  o 


Fragile  13 

The  sketch  below  Bho^>?5  the  anti-icing  valve  with  the  thernostat 
control  circuit  •  From  the  information  given  in  fra^u^,^  10  through  12 
you  know  how  the  thermostat  assembly  controls  the  anti-icing  valve. 

The  thermostats  are  found  in  the  leading  edge,  downstream  of  the 
valve  outlet.    There  is  one  thermostat  for  each  valve • 

The  thermostats  are  made  to  close  the  anti-icing  valve  when  the 
temperature  goes  past  130* F  and  to  re-open  the  valve  when  the  tempera- 
ture drops  below  158^F     The  sketch  shows  the  electrical  circuit  for 
one  valve.    The  electrical  circuit  is  the  sane  for  the  rest  of  the 
valves . 


I 


WINO  AND  1 

CONTROL      1  1 

—  -o— 

OFF 


SOlENOlO 


O  o 


Figure  12, 

Fill  in  the  blanks  to  complete  the  following  statements, 
1, 


3, 


The  leading  edge  anti-icing  system  contains  (2,  A,  or  6) 

temperature  control  thermostats. 

The  temperature  control  thermostats  cc^.trols  the   

circuit  of  the  anti-icing  valve  solenoid. 

The  thermostat  controls  the  leading  edge  temperature  by  cycling  the 

  open  and  closed. 
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Ar.swers  to  Frase  13:      1.    6       2.  ground      3.    anti-icing  valve 


Fr.v.a  14 


So  '"ar  we've  seen  :vo  ways  to  control  the  temperature' of  the 
bV^ed  air  --ed  for  anti-icins.    These  ar.  the  niixing  of  the  air  through 
the  electors  vhlch  rends  to  cut  dc--n  the  teirperature.  and  "-hen  the 


:hcr=03tuis  tha 


ana  15  J*?. 


ontroi  the  leading  edge  tecperature  Between  158  F 

r--e".'r    t'---.^re  Is  al^Javs  the  possibility  that  a  thermostat  will 
fail  or'a'valve  will  stay  open  which  would  cause  an  overheat  condition. 

Tenpcracure  indicators  are  used  to  show  the  leading  edge 
:^-?era:ure.     Tne  teaperature  indicators  are  shown  in  figure  13. 

The  indicators  are  narked  "inoperative,"  "nomal  operating  range," 
and  "overheat".    There  are  six  indicators;  one  for  each  section  of  the 
leading  edge  anti-icing  system. 

During  operation  of  the  system,  if  the  tenperature  is  between  93°F 
to  160°F  tha  tenperoture  indicators  will  be  in  the  "normal  operating 

tt 

range • 

If  the  temperature  drops  below  93**F,  the  indicators  would  show 
"inoperative**.     The  temperature  drop  would  be  caused  by  a*  solenoid  not 
energizing  or  a  valve  stuck  in  the  closed  position. 

If  the  temperature  goes  above  180**F,  the  indicators  would  go  to  the 
*'overheat"  condition.  This  could  be  caused  by  a  defective  thermostat  or 
a  valve  stuck  in  the  open  position. 


fC/:^  c..^::^  it'V'  i^^  


vvS^7  '^vSv  ^W'^'y 


WING  AND 


cSSENTlAL  3US 
23V  DC 


TO 

OTHER  INDICATORS 


TEMP 
INDICATOR 


I— — OirC«  '(*.€•»' j«€    •*Jli««6  J 


TEMPERATURE 
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Figure  13. 


In  figure  13,  i\\e  electrical  circuit  for  one  indicator  is  shown. 
7re  circuit  for  the  other  iridicat^^s  are  the  same. 
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Frame  14    Cont'd)-  ^^^^ 

O/^  The  circuit  is  made  up  of  the  indicator  and  a  tenperature  sensing 

\^  bulb.    The  temperature  bulb  is  found  in  the  leading  edge. 

The  temper  .cure  bulb  has  a  resistance  that  will  change  with 
temperature    This  will  change  the  amount  of  current  flow  through  the 
sensor  (buio)  and  through  the  indicator.    This  change  In  current 
flow  will  cause  the  indicators  to  show  if  each  valve  is  inoperative, 
operating  normally,  or  causing  an  overheat  condition. 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.  When  using  the  leading  edge  anti-Icing  system,  the  pilot  can 
.^nitor  the  leading  edge  tenpecatura  by  observing  the 

temperature  . 

2.  The  leading  edge  temperature  Indicators  are  marked 


and 


3.      The  temperature  In  the  leading  edge  is  sensed  by 


0  0 


0  0 


ERIC 


Answers  to  Frame  14:      3  .     indicator      2.     inoperative,  normal  operating 

r^.nge,  overheat         3,    temperaturfe  bulbs  • 


Frame  15 


In  addition  to  the  ceraperature  indicators,  six  thenaostatically 
controlled  overtemperature  warning  lights  are  provided  to  monitor 
overheat  conditions . 

The  ovartemperaturt  warning  lights  are  found  directly  below  the 
indicators  on  the  anti-icing  panel  (see  figure  14) 

The  warning  lights  are  operated  by  separate  warning  themostats 
found  in  Che  leading  edge.    There  are  two  overheat  warding  thermostats 
hooked  to  each  light. 

Using  two  thermostats  allows  sensing  of  the  temperature  In  two 
different  areas  within  each  section  of  the  leading  edge. 

The  warning  light  only  tells  the  pilot  of  the  overheat  condition, 
he  must  take  action  to  correct  the  problem.    This  could  involve 
turning  off  the  anti-icing  system  or  closing  the  engine  bleed  air 
valves  and  the  isolation  valves. 

The  sketch  in  figure  14  shows  the  electrical  circuit  for  one 
warning  light.    All  six  thermostats  are  wired  the  same. 


Figure  14, 

Fill  in  the  blanks  to  cor  ;lete  the  follcvirg  statar.ants, 

1.      Should  the  temperature  in  the  leading  edge  exceed  a  safe  operating 
range,  the  pilot  wil]  be  warned  by  the  overteniperature  
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I  Frame  15  (Cont'd) 


o 


2.      An  overheat  cuncition  in  the  leading  edge  is  sensed  by  overheat* 


'  y     *  ^-      '"^^^^         anti-icing  system  operating,  one  section  of  the  wing 

/      '  leading  edge  over  heats.    This  could  Be  caused  by  a  cal- 

/        \  functioning  temperature  control 


During  flight,  to  correct  the  problea  stated  in  question  3 
above,  the  pilot  would  have  to  turn  off  the   


system 


O 


© 


•J 
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Answers  to  Frame  15:    1.    warning  light    2.  warning  thermostat 

3,    thermostats       4.    wing  anti-icing 


Frame  16  -  | 

Figure  15  shows  the  con*piete  anti-icing  system  for  the  left  wing 
arJ  empennage.    The  right  wiiig  is  the  same  as  the  left  wing.    Study  the 
sk*5tch  -:nd^  find  each  of  the  parts  that  have  been  discussed  in  the  past 
frames.    Complete  each  of  the  following  statements  using  the  sketch  as 
an  aid, 

1,  The  leading  edge,  anti-icing  system  contains   .  anti-icing 

valves . 

2,  Sach  empennage  anti-i-ing  valve  controls  air  for  one  side  of  the 
  stabilizer  and  ha^f  of  the   stabilizer, 

3,  The  leading  edge  ovp'-heat  warning  system  contains   . 

(3,  6,  8,  or  12)  thermostats. 

4,  The  wing  leading  edge  anti- icing  system  is  divided  into 


and  contains  .         anti-icing  valves. 


5.  The  wing  anti-icing  switch  controls    (2/4)  anti-icing 

valves  • 

6.  During  operation  of  the  leading  edge  anti-icing  system  the  air 
tfjnperature  can  Be  i;.onitored  by  the  temperature   • 


7,  The  six  tempterature  indicators  are  operated  by  changes  in 

resistance  of  the  temperature  sensing   located  in  the 

leading  edge, 

8,  An  overheat  condition  in  the  leading  edge  surface  is  indicated 
by  the  over tenq)  era ture  

9,  A  warm  air  mixture  is  circulated  through  the  leading  edge 
passages  by  the  action  of  the  • 


10,  When  the  wing  leading  edge  anti-icing  switch  is  placed  to  ON  it 
energizes  the  of  the  wing  anti-icing  valves. 

11,  The  anti'-icing  valve  is  actuated  open  by  


12.    The  leading  edge  anti-icing  tempei^iture  is  controlled  between 
158*F  and  18C*F  by  the  anti-icing  


13,    The  thermostat  assembly  consists  of  a  ^  ^  thermostat 


5lJ 


n3H*  ic      1     «4v      2    horizontal-vertical    3.  12 

"  ^-^-^  I'  ]T.r  slctT^,  4      5.  four       6.  indicators 

7!  bulb    8.  warning  lights    9.  ejector  nozzles 
.    10.  solenoid    11.  air  pressure    12.  control  thermostat 
13.  mercury  relay 


•^raz..:  17 


,    In  the  past  frames  you  learned  that  the  air  for  anti-icing  is  held 
in  Wck  by  air  actuated,  solenoid  controlled  valves  and  that  th- 
soleiwids  are  controlled  by  mercury  type  control  thermostats. 

At  the  tine  of  normal  operation  of  the  an-:i-icing  system,  the 
temperature  of  the  anti^cing  air  in  the  leading  edge  is  shovm  on 
temperature  indicators  found  in  the  cockpit. 

* 

Should  the  temperature  in  the  leading  edges  go  past  a  safe 
operating  range,  an  overtemperature  warning  light  will  be  turned  on 
by  overheat  warning  thermostat* 

*  * 

The  electrical  ciirciitry  for  this  system  is  shown  in  foldout  1. 
Foldout  1  is  the  last  page  of  this  text,  please  open  to  this  foldout  now. 

This  sketch  shews  the  anti- icing  valve  solenoids,  anti-icing  control 
thermostats^  overheat  warning  thermostats  and  temperatute  sensing  bulbs 
for  each  of  the  six  zones.    Find  each  of  these  parts  od^the  diagram.  Now 
find  the  anti- icing  wing  and  anti-icing  empennage  switches,  the  leading 
edge  temp  rature  indicators,  and  the  over temperature  warning  lights. 

The  electrical  circuitry  for  control  of  each  zone  is  the  same.  Let's 
trace  the  circuits  for  the  left  outboard  wing  zone, 
r 

Use  your*  RED  pencil  and  draw  the  anti-icing  wing  switch  to  the  ON 
position.    Trace  from  the  wing  and  empennage  ice  control  circuit  breaker, 
through  the  anti-icing  wing 'switch,  and  un  to  pin  A  of  the  left  outboard 
wing  anti-icing  valve  solenoid. 

Then  trace  through  the  solenoid  to  pin  B  and  then  down  to  the  top 
ccatact  of  the  anti-icing  control  thermostat.    Trace  tarough  ttt^  thermo- 
stat relay  to  ground. 

This  circuit  will  energize  the  solenoid,  permitting  the  anti-icing 
valve  to  '  II  air  pressure  is  available.  Note  that  the  cir^^.uit  from 
the  ving  anti-icirg  switch  powers  aach  of  the  wing  anti-icing  solenoids 
in  the  same  way. 

.    With  your  red  pencil  keep  on  tracing  the  circuit  to  point  X  and 
down  to  the  thermostat  relay  coil.    Trace  through  th«  relay  coil  to 
the  ISO^^F  contact; 

Since  the  mercury  is  down,  this  is  an  open  circuit  and  we  have  only 

a  voltage  potential.    As  the  temperature  reaches  ISO^'F,  the  mercury  will 

com^.!^::  circuit,  energizing  the  relay.**  This  opend  the  ground  circuit 
to  Che  solenolQ  which  closes  the  valve. 
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Frame  17  (Cont'd) 

Using  your  BLUE  pencil,  trace  the  overheat  warning  light  circuit  , 
for  the  left  outboard  wing. 

Start  by,  tracing  from  the  wing  and  empennage  overheat  light  circuit 

breaker  to  the  left  outboard  wing  over  temperature  warning  light.  Then 

trace  from  the  overtemperature  wijrning  light  to  pin  A  op.  each  of  the 
overheat  warning  thermostats. 

If  either jphermos tat  contact  closes,  due  to  an  overheat  condition, 
it  wil3,  complete  the  circuit  to  ground,  which  will  turn  on  the  warning 
light.    Again  note  that  ,the  circuits  for  all  six  lights  are   :he  same 
and  operate  in  the  same  way. 

Using  your  GREEN  pencil,  trace  the  circuit  for  the  left  outboard 
wing  temperature  indicator. 

Start  by  tracing  from  the  wing  and  empennage  temperature  indic-'^^or 
circuit  breaker  to  the  left  outboard  wing  temperature  indicator. 

Then  trace  from  the  indicator  to  pin  A  of  the  left  outboard  wing 
senjing  bulb.  Continue  tracing  through  the  sensing  bulb  to  pin  B  and 
ground. 

Remember  from  Frame  14  that  the  resistance\f  the  sensing  bulb  will 
v^y  with  the  changes  in  temperature.    This  changes  in  resistance  will 
change  the  current  flow  through  the  indicators.    Th^  change  in  current 
flow  through  the  indicators  will  inform  the  pilot  if  the  system  is 
operating  normally,  i^ inoperative,  or  is  in  an  overheat  condition. 
Notice  that  all  six  indicator "circuits  are  the  same. 


Fill  in  the  blanks  to  complete  the  following  stafiments. 
1.      The  overtemperature  warning  lights  are  turned 'on  by 


2.  The  anti-icing  control  thermostat  controls  the  anti-icing  valve 

 by  opening^and  closing  the  

circuit  to  the  glenoid. 

3.  The  anti-icing  control  thermostat  consists  of  a   

and  a   I   type  thermostat. 


112^ 

Axxswers  to  Prarae  17: 


1.  overheat  warning  thertnostat 

2.  solenoid,  ground 

3.  relay,  mernary 


Frame  i8 


On  foldoct  1  there  are  15  circled  numbers •  •  ^^hese  numbers  indicate 
ubl^s,  either  in  cL '^-ircuit  or  a  part.    The  numbers  that  point  to  a 
part  mean  that  tie  part  could  have  a  short  or  an  open  circuit  on  the 
inside ♦ 

The  statements  below  give  ^  the  condition  for  a  trouble  the 
•stem*    Read  the  •statement  then  analyze  the  sketch  to  determine  the 
^ossible  cauae.    Place  the  number  of  the  trouble  that  woilW  cause  this 
condition  in  the  blank  provided. 

1.  ''^''Th^right  Inboard  wing  ovayteraperature  warning  light  comes 
'     ^         on  with  the  anti- icing  system  OFF. 

2.  With  the  anti-icing  switches  ON,  the  right  stabilizer  and 
"         fin  base  temperature  indicator  shows  inoperative. 

3.  With  both  anti-icing  swi^tches  ON,  the  wing  system  operates 
normally,  but  the  empennage  system  fails  to  operate. 

4.  During  operation  of  the  anti-icing  system,  the  left  stabilizer 
^  and  fin  tip  temperature  indicator  goes  to  overheat  and  the 

warning  light  comes  on« 

5.  With  the  anti-Icing  system  turned  ON,  the  left  stabiliz^.r  and 
^  fin  tip  anti-icing  valve  fails  to  open. 

6.  During  operation  of  the  anti-icing  system,  the  righ|  inboard 
wing  temperature  indicator  shows  OVERHEAT,  and  the  overterapera- 
ture  warning  light  comes  on. 

7.  During  operation  of  the  anti-icing  system,  the  right  outboard 
wing  teuqjerature  indicator  shows  OVERHEAT  but  the  warning 
light  does  roc  come  on. 

 3.      The  right  inboard  wing  temperature  indicator  r.hows .  inoperative 

with  the  wing  anti-icing  switch  ON. 

 ^9.      With  both  anti-icing  switches  ON,  the  empennage  temperature 

indicators  show  normal  operation,  but  the  wing  temperature 
indicators  show  inoperative. 

 10.      The  right  outboard  wing  anti- icing  valve  fails  to  open  ^th 

the  wing  anti-icing  switch  ON  and  air  pressure  available. 
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^r.^^-ers  to  Frame  18:    1.    5^       2.    12^       3.    1       4.    15       5.  10 
6.    8        7.     14  and  11       8.    2       9.    2       10.     13*  '  ' —  - 


Frame  19  ^  '  " 

^  n 
At  this  point  you  should  know  how      leading  edge  anti-icing 
system  works.    But  your  tasks  as  a  maintenanca  mechanic  de::ands 
that  you  keep  this  system  working  right.    So  the^next  points,  we  need 
to  look  at  are  the  inspection, and  maintenance  procedures: 

Inspection  of  the  systeui  takes  in  a  visual  inspection  for  cracks 
in  the  ducting,  corrosion,  loose  connections,  or  any  sign*  of  leaks- 

The  insulation  should  be  checked  for  beinfe  secure  akd  ^o  nake  sure 
there  are  no  tears.    The  system  should  be  checked,  to  n^ke  sure  the 
parts  are  working  right.  ^  ^ 

The  system  can  b^  checked  for  operation  while  the  aircraft  is  on  , 
the  ground  by  looking  at  the  temperature  indit:atbrs  for  a  tempera  .are 
rise.    Most  technical  manuals  will  caution  you  not  to  operate  an 
anti-icing  system  f-*-  more  than  -30  sex:onds  while  the  aircraft  is  on 
the  ground. 

Since  there  is  no  airflow  over  the  leading  edge  surfaces,  stich  as 
there  is  in  flight,  leaving  the  anti-icing  system  on  for -more  than 
30  seconds  could  damage  the  leading  edge  by  Varping  the  skin. 

The  general  procedures  for  performing  an  operational  check  ;^re  as  follows: 

1.  Make  sure  all"  systems'^  using  bleed  air  are  OFF. 

2.  Apply  bleed  air  to  the  system  using  either  the  GTC  or 
ground  air  cart.  -A 

3.  Place  the  irlng  and  empennage  anti- icing  switches  to  ON. 
Look  at  the  bleed  air  pressure  gage  as  the  switches  are 
turned  on.    The  bleed  air  pressure  should  drop  indicating 

that  the  valves  are  opening.  ^ 


4.^     Look  at  the  anti-icing  temperature  indicators.    The  temperature 
indicators  should  show  a  temperature  rise  of  approximately  the 
same  amount  on  all  indicators.     If  one  indicator  does  not  show 
a  temperature  rise,  then  it  will  be  necessary  to  check  Che  valve 
in  that  specific  location. 

The  operational  check  proc^ures  are  used  to  find  out  if  the 
valves  will  open.    It  does  not  check  thermostat  operation.    Keep  in 
mind  that  the  procedures  given  are  general  concepts  only^. 

NOTE:    Before  doing  any  ma^tenance  on  an  aircraft,  you  must 
always  refer  to  the  applicable  technical  manual  for  the 
correct  procedure  and  to  determine  specifically  what  must 
be  done. 
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Frame  19  (Cont'd) 

The  repaic  procedures  depend  on  the  cause  for  the  specific 
'  oroblea     If  a  valve  fails  to  operate  properly,  you  will  have  to 
Hnd  St  the  cause  through  troubleshooting.    In  most  cases  the 
';«M^m  will  be  due  to  a  defective  valve  or  thermostat.     Ihis  would 
lltlTe  fepLcLent  of  the  defective  part.    Again,  it's  a  .ust  that 
voHefer  to  the  technical  manual  for  the  correct  removal  and 
replacement  procedures. 

Fill  in  the  blanks  to  complete  the  following  statements 

I^-hen  performing  a  ground  operational  check,  anti- icing  valve 
operation  is  indicated  by  a  temperature  rise  on  the 


2. 


The  maximum  time  for  operating  the  anti-icing  system  while 
the  aircraft  is  on  the  ground  is   ,  • 


3       To  determine  procedures  for  operational  checking  or  rer airing 
the  anti-icing  system,  you  should  refer  to  the  aircraft 
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Answers  to  Frame  19:    1.    temperature  indicators      2.    30  seconds 

3,    technical  manual 


Frame  20 


Place  a  T  or  F  in  the  blank  fb  identify  the  statements  that  are  either 
true  or  false* 

 Each  section  of  the  wing  leading  edge  anti-icing  system* 

has  an  anti-icing  shutoff  valve, 

 2.      The  wing  anti-icing  switch  controls  four  valves. 

 3.      During  flight,  air  can  be  supplied  for  anti-icing 

by  the  GTC.  ^  ^ 

 leading  edge  anti-icing  valve  solenoids  are 

energized  the  vdive  will  be  open. 

 -.5-      The  wing  leading  edge  anti-icing  valves  are  solenoid 

controlled  and  pneumatically  actuated. 

 ^*      During  anti-icing  operation,  the  temperature  of  the 

leading  edge  is  controlled  by  a  mercury  thermostat. 

 7.      An  overheat">eondition  of  the  leading  edge  is  indicated 

V  the  temperature  indicator  and  by  warning  lights. 

 8*  anti-icing  systems  should  never  be  operated  for  more 

than  30  seconds  when  the  aircraft  is  on  the  ground. 

 9.      To  perform  an  op^^rational  check  of  the  anti-icing  systems, 

you  should  follow  the  steps  given  in  the  technical  manual. 


10. 


During  oper^^tion  of  the  anti-icing  ^ystem,  the  thermostat 
controls  thy  pc<?itioTi  of  the  valve  ^  opening  and  closing 
the  solenoid  ground  Circuit. 


Answers  to  Frame  20: 

X.  T 

2.  T 

3.  F 

4.  T 

5.  T 

6.  T 
-7.  T 

8.  T 

9.  T 
10.  T 
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OVERHEAT  WARNING     SENSING  SOLENOID 
THERMOSTATS  BULB 

^LEFT  STABILIZER  AND  FIN  VP  


OVERhSAT  EARNING      SENSING  SOLENOID 
THERMOSTATS  8ULB  ^ 

IGHT  STABJLIZERAND  RN  SASE^^  


FoldouC  1.  Section  2. 
33 
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-LEFT  OUT30  WING  - 


LEFT  INBD  WING- 


tr^5^       OVERMCAT  WARNING 


SENSING       OVERScAT  WARNIh>0 
BULB  THERMOSTATS   SOL£NOtO_ 
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PROGRAMMED  TEXT 
3ABR42331-PT-208B 


Technical  Training 


Aircrait  Environment  1  Systems  Mechanic 


ENGINE  AIR  INTAKE  DUCT  ANTI-ICING  SYSTF 


20  June  19  77 


3350  l-ECHNICAL  TRAINING  WING 
3370th  Technical  Training  Group 
Chanute  A.ir  Force  iase,  Illinois 


DESIGNED  FOR  ATC  COURSE  USE 
DO  NOT  USE  ON  THE  JOS 


OBJECTIVE 


Using  a  wiring  diagram,  identify  four  (4)  out  of  five  (5)  given 
air  intake  duct  anti-icing  control  circuit  troubles* 

INSTRUCTIONS 

This  text  presents  material  in  steps  called  frames*    After  each 
frame  you  are  asked  to  respond  to  questions  in  some  manner.    Read  the 
material  Cvir«»fully  and  accomplish  what  each  frame  directs  you  to  do* 
Th«  correct  answers  are  g  /en  at  the  end  of  the  next  frame.    If  you 
have  answered  each  response  correctly  continue  on  to  the  next  frame. 
If  you  are  incorrect,  read  the  material  again  and  correct  your  answer 
before  continuing. 

This  progranmed  text  will  cover  the  function  and  operation  of  the 
air  intake  duct  anti-icing  system,  the  system  con^onents,  and«  the  ice 
detection  system.     In  addition,  the  location  of  the  switches  on  the 
control  panel  will  be  gone  over,  and  you  will  be  required  to  trace 
through  the  electrical  circuit  to  learn  normal  operation.  Finally, 
you  will  be  required  to  analyze  the  wiring  diagram  and  determine  the 
cause  for  system  troubles  that  you  will  be  given. 

Proceed  on  to  Frame  1. 
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Frame  1 


Th«  previous  text  told  how  hot  engine  bleed  air  is  used  to  prevent 
ice  from  building  up  on  the  wing  and  empennage  leading  edges.    In  the 
previous  text  we  also  pointed  out  the  various  areas  that  were  anti-ice4 
on  a  typical  cargo  aircraft. 

The  sketch  that  was  used  in  the  previous  text  is  shown  again  in 
figure  1  belcw.    Note  that  item  4  points  to  the  engines.    If  the  aircraft 
flies  into  an  area  where  icing  conditions  are  taking  place,  the  ice  will 
build  up  ou  the  engine  air  intake  ducts*    In  fact,  ice  will  build  up  in 
the  engine  inlet  area  sooner  than  on  the  leading  edges*    This  is  due  to 
the  increase  in  air  velocity  at  the  engine  air  intake  which  causes  a 
lower  temperature. 

Any  buildup  of  ice  in  the  engine  air  intake  system  could  be 
harmfxil  to  engine  operation.    In  this  text  we'll  discuss  how  ice  is 
detecteki  in  the  air  inlet  and  how  any  buildup  of  ice  is  prevented. 


o 


V 


Figure  1. 


NO  RESPONSE  REQUIRE') 
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FraoM  2 

Figure  2  below  depicts  the  engine  nacelle  and  shows  how  the  bleed 
air  flowi  from  the  engine  to  the  oil  cooler  scoop  and  air  Intake  scoop. 
The  bleed  air  Is  taken  from  the  last  stage  of  engine  compression.  This 
Is  normally  called  the  "engine  inlet  scoop"  anti-icing  system. 

Note  the  arrowi  Lhat  show  the  flow  of  air  from  the  bleed  ai^  tap- 
off^  to  the  air  Intake  scoop  area.  Also  note  the  small  artows  showing 
the  flow  of  air  through  the  passages  around  the  air  intake  scoop. 


aiEEO  All  TO 
Engine  AIR  \^ 


Figure  2. 

Fill  in  the  blanks  to  complete  the  following  statements, 

1*      The  air  for  the  anti-icing  system  (inlfef  air  scoop)  is  taken  from  the 
 stage  of  engine  compression, 

2»      The  air  for  anti-icing  che  air  intake  scoop  is  circulated  through 
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Fr«M  3 


OA  »oX«noid  controlled,  air  actvmted  vlv  is  ui«d  to  control  «ir 
floi#  to  th«  air  int«k«  «nd  oil  cooltr  •coops*    Figurs  3  shows  ths  engine 
*  sir  intake  and  oil  cooler  scoop  enti-icing  valve.    Reference  point  A  in 

the  illustration  shovs  the  location  of  this  valve  in  the  system.  This 
valve  is  noraally  called  the  ^'engine  inlet  scoop  anti-icing  valve." 

Xhare  is  on^  feature  about  the  engine  inlet  scoop  anti- icing  vslva 
that  is  different  txM  other  valves  that  you*ve  studied     On  this  valve 
'  the  solenoid  is  energised  to  dosa  the  valve,  and  deenergized  to  open 
the  valve.    This  is  called  a  fall-safe  valve.    That  is,  if  thera  is  an 
slectrlcal  power  failure  the  valve  will  open.    This  feature  insures 
anti-icing  of  the  scoops  even  with  ar  electrical  power  failure. 


Figure  3. 


O  O 
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(Cont'd) 

Fill  ±n  th€  bl4nkg  to  complete  the  following  statements. 

!•     Air  for  entl-iclng  the  engine  air  intake  is  controlled  by  the  engine 
^- —        ,  ■  -  „  *^  valve, 

2.  Opening  and  closing  of  the  engine  Inlet  scoop  anti-icing  valve  is 
controlled  by  a  

3.  When  the  engine  inlet  scoop  anti-icing  valve  is  closed,  the  solenoid 
^    (energized/deenergized) • 


Answers  to  Frame  2t    I.    last  2. 


passages 
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Frame  4 


c  D 


Another  area  in  the  air  Intake  duct  where  i^e  can  buiid  up  is  the 
guide  vanee«    Figure  4  shows  the  guide  vane  anti-*icing  system.  Detail 
B  shows  the  inlet  vane  anti-icing  valves  and  detail  C  shows  the  inlet 
vane  anti-icing  solenoid  valve.    Note  the  reference  points  shewing  the 
location  of  these  units  on  the  engine. 

There  are  two  inlet  vane  anti-*icing  vjilves  for  each  engine.  One 
valve  is  located  on  each  side  o£  the  engine  as  shown  in  detail  D.  The 
seas  solenoid  controls  both  valves.  ~* 

Detail  D  shovs  the  guide  vane  and  flow  of  air  through  the  vanes. 
The  ^ide  vanes  direct  the  flow  of  ram  air  to  the  engine  compressor. 
Any  buildup  of  ice  on  the  vanes  could  cause  engine  failure. 


V 


f ngtfie  m/ef  kU  Oy<f  and  Vpne  A«tWcl«g  System 


BALANCE  LtN€ 


STAG£ 


Figure  4. 
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I^ras^  4  (Cont'd) 

Fill  in  the  blanks  to  compAte  the  following  statements. 

1       Ice  is  prevented  from  accumulating  on  the  engine  guide  vanes  by 

circulating  hot  ^  :   through 

the  vanes. 

2.      The  units  that  control  air  for  guide  vana  anti-icing  are  the  inlet 
vane  anti-icing   valve  and  the  inlet  vane  


Anf.wars  to  Frame  3:    1.    inlet      scoop  anti-icing 

2«  solenoid 
3,  energized 


Frame  5 


The  inlet  vane  anti-icing  solenoid  valve  controls  the  on  and  off 
action.of  the  guide  vane  anti-icing  system.    The  bleed  air  from  the 

^5^'';if**^^  directed  to  the  anti-icing  air  valve  as*  shown  in 

the  illuscracion  b^low, 

u  1^  ^^"^  ?^"^^''''>^^       energized,  as  shown,  the  antl^iclng  valve  is 
held  closed  by  the  pre&jure  of  the  bleed  air.    When  the  solenoid  is 
^deenargized  It  opens  a  /ent  port  that  vents  the  pressure  from  the  poppet 
in  the  anti-icing  air  valve,  thus  allowing  the  valve  to  open.    The  14th 
stage  bleed  air  can  aow  flow  to  the  guide  vanes  % 


TO 

ANTHCIN© 
AREAS 


ANTHpNG 
AIR  VAtVE 


^  STAGE 
AJR 


ANTHCING 
SOLENOID  VAtVE 


Figure  5. 

Fill  ih  the  blanks  to  complete  the  following  statements. 

1.      The  guide  vane  anti-icing  air  valve  is  controlled  by  the  anti-icing 


Deenergizing  the  anti-icing  solenoid  valve  opens  a 


port< 


^'      ;^lL'I;?irK'^''''"*  "^'"^^"^  ^^^^^       energized,  the  anti-icing  air 
valve  will  be  ___(opan/closad) . 


Answers  to  Fraoe  4:    1^    ble«d  air       o      o«i— ^  .   .  " 

wo  H.    j.^    oieea  air       /.    solenoid     anti-icing  valve 
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:ir."lini  jJ;?"."tT"v:ii'anti-l.ln,  .r.  Shown  1„  tK.  Illustration 

LJ^ri^thi^raJrS^el^:^^^^^    ^^e  an.i.icin«  valves. 

P-laclng  th.  MASTER  SWITCH  in  AUTO  and  .he  ANTI-ICING  SWITCHES  ON. 
the  antJ-Sng  valves  will  be  opened  by  the  ice  detection  system,  and 
win  only  open  when  an  icing  condition  occurs. 


Figure  6. 

Fill  in  the  blanks  to  complete  the  following  statements 
1. 


2. 


The  auto  or  manual  selection  of  the  engine  inlet  duct  and  vane 

anci-icing  s/stem  is  controlled  by  the   and 

anti-icing  .  ,  .   . — • 


The  on  and  off  selection  of  the  inlet  scoop  anti-icing  system  is 
controlle'd  by  the   — ■ 


  anti-icing  switches. 


3       When  the  prop  and  engine  anti-icing  aaster  switch  is  in  AUTO,  the 

InUt  scoop  anti-icing  valves  will  open  only  when  an  

occurs* 

Answers  to  Frame  5:    1.    solenoid  valve      2.    vent      3.  closed 


10 

523 


\ 


/ 

Frame  7 


Flgur*  7  shows  the  el«ccrical  achemacic  of  the  engine  inlet  air  duct 
and  vane  anti-icing  system,    Reaenfcer,  when  the  system  is  off,  the  solenoids 
are  ,energized,  «ind  when  ON  the  sclenollis  are  deenergized.    Let's  follow 
the  ci;rcuits  for  anti-icing  control  for  number  1  engine  to  sea  how  this 
system  is  controlled  manually.    The  arrows  show  the  path  of  current  flow* 

When  the  engine  inlet  air  duct  anti-icing  switches  are  off ,  the 
circuit  is  complete  from  th*?  circuit  breaker  to  the  inlet  scoop  anti- 
icing  valve  solenoid  and  to  the  guide  vane  anti-icing  solenoid  valve. 
This  energizee  both  solenoids.    If  the  anti- icing  swltcf  is  placed  to 
ON  it  opens  the  circuit,  deenergizing  the  solenoids  which  open  the  valves. 
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ENG  AIR  INTAKE 
AND  Oil  COOtER 
SCOOf^  ANfTI- 
ICING  VAIVE 
(NORMAUY  OPEN) 


ANTHCING 
SOLENOID  VALVE 
(NORMALLY  OPEN) 


ANTHCINO 
CONTROL  PANEL 


ICE  DETEaOR 
PANEL 


C 


TO 

ICE 

OnEOfON 
SYSTEM 


AUTO  D£ -ICING  «£LAY 


Figure  7. 
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FraM  7  (ContM) 

Fill  in  thft  blanks  to  omplete  the  following  statements. 

1.      When  the  engine  inlet  air  d  ict  anti-icing  switches  are  OFF,  the 
engine  air  intake  scoop  anti-icing  solenoid  valve  will  be  - 


The  engine  inlet  air  duct  and  vane  anti-icing  valves  will  be  open 
when  the  solenoids  are   ^  * 


.vers  to  Frame  6:    1.    prop     engine  master  switch 

2.  engine  inlet  air  duct 

3,  icing  condition 
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Frame  8 


turn  !i'Ji!!;',r*/r°'  '""-'"»»  «"ltcl.  to  AUTO  via 

.i.V:s:„-:riJji:'.::;j^tir„  :r„'.'^-^'" 
th.  ..""cht.::""^:rt:rJ:ii:;.j:L"„  I'lrr"  ^"f"' " 

Th«  arrova  show  current  flow  for  the  vaiv^o  u  ^ 

K.ep  ia  mind  that  antl-iclng  controrof  LI  w  ^na^nf/L  .^' 
Not.  Ch.c  m  tna  ho  ice  condition,  el.ctjic.l  pL«'i;  i.,';  f^lT' 

Whan  .n  icing  condition  takes  pUce,  th.  ic.  detection  sy.ten 
will  cauee  th.  auto  daicing  r.l.y  to  energize,    xhi.  op«j.  the  circuit 
to  th.  «ngin«  air  anti-icing  relay  causing  it  to  deenergize.    This  will 
deenergize  the  solenoids  opening  the  valves. 


0 
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28V.  D-C 
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Figure  B, 
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YxkSM  8  C--r.t'd) 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.  With  tha  prop  and  engine  anti-icirg  naster  switch       AUTO,  and  a 
no  ice  condition,  the  engine  air  anti-icing  relay  will  be   

2.  When  the  engine  air  anti-icing  relay  is  energized,  the  inlet  scoop 
and  vane  anti-icing  valves  will  be    (opf  ned/closed)  • 

3.  7.;e  engine  aii  anti-icing  relay  is  controlled  by  the   

system. 


A^iswers  to  Frame  7:     1.     energized         2.  deenergized 
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Frame  9 


o 


*^<»lect  the  conponenc  name  frora  coluan  B  that  matches  the  staCeoent 
given  in  column  A.     ^lace  Che  lett^ir  of  the  iiiatchf.ng  cozpon^int  in  the 
blank  space  provided. 


Column  A 


Colur3:i  fl 


1. 


2. 


Controls  the  inlet  vane 
anti-i^.ing  valves. 

Cont;:ol8  the  automatic  and 
manual  selection  of  the 
iiilet  ^coop  and  guide  vane 
anti-icing  system. 


A.  Engins  air  intake  ani  oil  cooler 
scoop  ant i- icing  val ve . 

B.  Inlet  vene  anci-icing  valve. 

C.  Inlet  vane  anti-icing  soler4oid 
valve . 


3.    Directs  14th  stage  air  to 

passages  in  the  guide  vanes. 


0.  Prop  and  engine  anti-icing 
master  switch . 


Directs  14th  stage  air  to 
passages  in  the  air  intake 
scoop. 


E.  Engine  inlet  aij.  duct  anti- 
icing  switch. 


Place  a  T  (true)  or  an  F  (false)  in  the  blank  to  identify  the  statenentCs) 
that  are  either  true  or  Ise, 

5,    The  fail-safe  feature  of  the  engine  inlet  5coop  and  guide  vane 

anti-icing  valves  means  that  in  case  of  ^     electrical  power 
failure,  the  valves  will  open* 

6,    The  engine  inlet  scoop  and  guide  vane  anti-icing  system  contains 

one  jinlet  vane  anti-icing  valve  and  ona  inlet  vane  anti-icing 
solenoid  valve. 


Answers  to  Frame  8;      .     energized        2*  closed 


ice  detection 


0  o 
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Frame  10 


Th«  ice  detection  system  is  used  as  an  automatic  control  for  the 
enaine  ^nlet  air  anti-icing  system.    That  is^  it  will  automatically  open 
the  engine  inlet  scoop  a  i  guide  vane  anti-icing  valves  when  an  icing 
condition  takes  place •    Keep  in  mind  that  this  system  does  not  control 
the  wing  or  tail  leading  edge  anti-icing  system. 

The  ice  detection  system  is  made  up  of  VAQ  sets  of  detection  units, 
an  auto  delcing  relay >  a  reset  relay,  _a  warnln^-iclng  condition  light, 
^  no- ice  lights 

Each  sec  of  detection  units  has  a  detector  and  an  interpreter. 
These  units  are  shown  below*    The  detector  and  interpreter  are  the 
two  chief  parts  of  ♦•his  system, 

4  - 

The  interpreters  are  foufra  on  the  ice  detection  panel.    The  detectors 
are  found  in  the  engine  nacelles*    One  detector  is  found  in  the  number  2 
engine  nacelle  and  one  is  found  in  the  number  3  engine  nacelle.  The 
P^Qbg  of  the  detector  unit  goes  through  the  nacelle  and  into  the  inlet 
air  duct  just  in  front  of  the  engine. 


Figure  9 , 
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FraiM.  10  (Cont'd)  ^^^^^ 


Fill  in  th«  blanks  to  complete  the  following  statements. 

1.      The  ice  detectijn  system  conf  ols  the  opening  of  the 

and 


anti-icing  valv-Ts. 


2.     The  two  major  c: 


ooponents  of  tha  i^a  detection  system  are  the 
and 


3.      The  ice  di-tectora  are  located  in  the  inlet  scoop  of  engines  n.a,ber 
ana 


Answers  to  Frame  9:  1. 


C      2.    D      3.    B      4.    A      5.    T  6. 
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the  detectotp  shown  In  figure  10,  is  made  up  of  th^  probe,  a  pressure 
sansicive  switch,  a  case  heater,  and  a  thermoswitch.    The  probe,  extending 
<nto  the  inlet  air  scoop,  senses^the  pressure  of  the  incoming  ram  air. 
If  there  is  no  ice,  che  opening  to  the  probe  is  open  and  the  pressure  of 
the  incoming  ram  air  is  passed  on  to  the  pressure  switch.    This  pressure 
will  pressure  switch  contacts  in  the  no-ice  position.    An  airspeed 

qI  iO  knots  or  above  (or  by  operating  the  engines)  will  provide  enough 
of  an  air  pressure  to  actuate  the  switch. 


put 

swrrcH 


tIiERmO  SWITCH 


Case  heatu 


y  ENG  ftUN 


fCi^  OR 
ENGINE 
STOPPED 


PROiE 

HEATEP 

-^VW-  III 


MAC  NO.  2. 


Figure  10, 

When  the  aircraft  meets  an  icing  condition,  the  ice  will  form 
over  the  opening  in  the  probe.    This  will  stop  the  pressure  that  goes 
to  the  pressure  switch.    The  switch  contacts  will  move  to  the  ice,  or 
engine  stopped  position.    This  will  set  the  detector  system  it  operation 
causing  the  engine  air  intake  anti-icing  valves  to  open. 

The  probe  heater  will  alsc  start  operating  to  melt  the  ice  from  the 
proba,  which  allows  the  system  to  return  to  the  no- ice  condition  after 
che  aircraft  fli-s  out  of  the  area  where  icing  is  occurring.    The  case 
heater  and  thermostat  maintains  between  55*F  and  75*F  in  the  detector 
unit  to  prevent  moisture  from  accumulating^ 
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Fraoa  11  (Cont'd) 


Q         Q  Fill  in  tht  blank*  to  complete  the  following  statements. 


1*      The  detector  consists  of  a  ,  pressure 

probe  ,  and  heater. 

2.      The  detector  detects  Ice  by  sensing  air   


Answers  to  Frame  10:    1.    engine  Inlet  scoop    guide  vane 

2*    detector  interpreter 
3,    2  and  3 
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FrasM  12 


At  this  point  you  know  the  engine  air  intaka  duct  anti-icing  system 
can  either  be  operated  manually  or  automatically.    Your  next  step  is 
tracing  the  circuits  to  learn  how  the  systea  is  controlled  in  manual 
and  how  the  ice  detection  system  controls  the  system  in  eutomatic.  The 
nexC  to  the  las    page  of  chia  text  contains  a  foldout  diagram  (foldout  1) 
of  this  system.    Fold  out  this  page  now« 

On  the  foldout r  Ic  ite  the  PROP  AND  ENGINE  ANTI-ICING  MASTER  SWITCH, 
the  reset  relay ,  scoop  anti-icing  solenoid  valves »  vane  anti-icing 
solenoid  valves >  and  the  engine  inlet  air  duct  anti-icing  switches. 

We*  11  start  our  analysis  of  how  the  system  operates  by  first  tracing 
the  manual  operation,  th^n  by  tracing  the  automatic  operation.  However, 
before  we  start  tracing  circuit  operation,  let's  look  at  the  swflch 
tBat  selects  manual  or  autpmatic  operation.    This  switch  is  the  PROP 
AND  ENGINE  ANTI-ICING  MASTER  SWITCH. 

Notice  the  prop  and  er/ne  anti-icing  Master  Switch  in  foldout  1. 
This  same  switch  is  also  show,   in  illustrations  A,  5,  and  C  below, 
•"his  is  a  three  position  switch.    The  positions  are  MANUAL,  AUTO,  and 
RESET. 

Illustration  A  shows  the  switch  in  panual  Position,    Notice  that 
Che  switch  levers  ara  down.    By  looking  at  foldout  1  you  will  see  that 
this  dirocts  power  to  the  reset  relay  coll* 

Illustration  B  sh';)ws  the  switrii  in  the  AUTO  po«ition*  Notice 
that  both  contacts  are  open.    In  this  posicion  the  ;iw- tch  simply  op^^ns 
the  circuit  to  f"he  reset  relay  coil.    This  permits  the  reset  relay  to 
remain  deenergized.    In  this  position  the  relay  will  direct  power  for 
automatic  operation. 

The  third  position  on  the  switch  is  RESET.    This  is  shown  in 
illustration  C.    Notice  the  contacts  for  the  reset  position  are  triangular 
shaped,    ^his  means  the  switch  is  spring  loaded  from  this  position,  or 
that  it  must  be  held  in  this  position. 


Reset 


REser 


o 


o 


AUTO 


AUTO 


AUTO 


O 


o 


MANUAL 


MANUAL 


MANUAL 


A 


B 


C 
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Fra«  12  (Cont'd) 

Q         .  Q  mi  in  ch«  blank*  to  complete  the  following  statement.. 

1.      Manual  or  Auto  operation  of  tha  angina  air  intake  duct  anti-icing 
tyst^iB  Is  selected  by  using  the  


0  0 


0  (0 


2.  Whan  the  prop  and  engine  anti-icing  maater  switch  contacts  are  in 
ths  canter  position,  the  engine  air  intake  duct  and-icing  valves 
will  ba  controlled  (automatically /nanually)  . 


Answers  to  Frame  lit.    1.    probe    switch    heater  case 

2.  pressure 
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Fraaw  13 

We'll  start  circuit  tracing  by  analyzing  manual  operation  first. 
On  foJdoue  1.  uaing  an  orange  pencil,  draw  the  .master  switch  cca. acts 
to  the  MANUAL  position,    trace  from  the  prop  d.icing  timer  circuit 
breaker  to  the  master  switch. 

Trace  through  the  top  contact  and  to  the  rsset  relay  coil  When 
the  master  switch  is  in  MANUAL,  the  reset  relay  is  energized.  Without 
JrlcSI  follow  the  circuit  from  the  PROP  DE-ICING  TIMER  circuit  breaker 
to  the  top  contact  of  th*  reset  relay.    Notice  that  when  the  relay  is 
deenergized  there  is  a  completed  circuit  that  goes  to  the  engine  air 
anti-icing  relay  coil. 

From  this  we  can  see  that  when  the  master  switch  is  in  MANUAL, 
the  engine  air  anti-icing  relay  is  deenergized.  and  when  the  master 
switch  is  in  AUTO  the  engine  air  anti-icing  relay  will  be  energized. 

Keep  in  mind  that  when  the.  engine  inlet  air  duct  anti-icing 
twitches  are  off,  the  solenoids  will  be  enepized.    We'll  trace  the 
circuit  for  the  valves  in  No.  1  engine.    You  can  then  notice  that  the 
circuits  for  the  other  three  engines  are  identical. 

With  an  orange  pencil,  trace  from  the  ANTI-ICE  No.  1  and  2  circuit 
breaker  to  the  No.  1  engine  inlet  ait  duct  anti-icing  switch. 

With  the  switch  in  OFF,  trace  through  the  switch  to  the  No.  1 
engine  scoop  anti-icing  solenoid  valve  and  to  the  vane  anti-icing 
solenoid  velve.' 

This  energizes  the  solenoids ,  keeping  the  valves  closed.    If  we 
place  the  switch  to  0»,  we'll  open  the  circuit,  deenergizing  the 
solenoids,  thus  permitting  the  valves  to  open. 

Fill  in  the  blanks  to  complete  the  following  statements.  ' 

1,  The  prop  and  engine  anti-icing  ..  ^ — —  ^* 

used  to  select  AUTO  or  MANUAL  operation, 

2,  When  the  master  switch  is  in  manual  the  reset  relay  is  

(energlzed/deenergized) . 

3,  The  engi.ie  air  anti-icing  relay  is  deenergized  when  the  r^sat  relay 
ig     (energized/deenergized) , 


4.      For  manual  >->peration  the  engine  air  anti-^icing  relay  is   „  ,1 
(energized/ do.energized)  ,  ' 

Answers  to  Fraca  12:    1.    prop  ar^d  engine  anti-icing  master  switch 

2.  automatically 
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Fraro«  14 


B«for«  w«  trac*  th«  circuits  for  automatic  operation,  locate  the 
fcllovins  items  on  the  foldout  diagraa« 

!•  Detector 


a.      Case  heater 

b«      Presaura  switch 

c*      Probe  heater 

2.  Interpreter 

a.  Arming  relay 

b .  Power  r«flay 

3.  No-ice  pulsing  relay 

4.  No-ice  light 

5.  Warning  icing  condition  light 


The  ice  detection  systeti  vork9  in  a  sat  sequence*    It  starts  with 
the  **englne  stopped'*  condition^  goes  to  an  "engine  run"  condition,  then 
to  uhe  "ice"  condition  (when  a  real  icing  ia  met),  and  last  to  the^ "no- 
ice"  condition.    Wh«n  electrical  power  is  first  put  on  the  aircraft, 
the  engines  are  not  operating  so  the  pressure  switch  will  be  in  the 
ice  or  engine  stopped  position*    We'll  start  by  tracing  the  power 
potential  that'will  exist  when  electrical  power  is  first  put  on  the 
aircraft. 

We'll  trace  the  circuits  with  the  master  switch  in  AUTO  and  the 
engine/inlet  axr  duct  anti-icing  switches  OK. 

With  a  RED  pencil,  draw  the  master  switch  to  AUTO,  and  the  anti- 
icing  switches  to  0N«    Note  that  with  the  master  switch  in  AUTO,  the 
reset  relay  will  be  deenergized. 

Start  to  trace,  in  RED,  the  circuit  wire  from  the  prep  deicing 
timer  circuit  breaker,  through  the  top  contact  of  the  reset  relay,  and 
through  the  bottom  contact  of  the  auto  deicing  relay.    Then  trace  to 
the  engir ■  air  anti-icing  relay  coil*    This  will  energize  this  relay. 

Starting  at  the  ENG  ANTI-ICING  No.  1  and  2  circuit  breaker,  trace 
to  Point  A,  then  from  point  A,  trace  the  circuit  to  the  bottom  contact 
of  the  engine  air  anti-icing  relay* 


Auto  daiclng  relay 
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fratJ  14  (Cont'd) 

Fro»  this  t«lay  contact,  trac«  tha  clrcuita  to  the  scoop  anti- 
icing  iolanoid  valva  and  to  tha  vane  anti-'icing  solenoid  valva. 

\ 

Thia  will  '  ..^i*  the  solanoida  eaergizad.    Kotica  that  to  daenargiza 
tha  aolanoidfi  (opan  tha  valvaa)  it  will  ba  necessary  to  deenergiza  the 
angina  eir  anti-icing  relay* 

Also  notice  that  for  tha  system  to  operate  In  AUTO,  the  engine  inlet 
air  duct  anti-icing  switches  must  be  placed  to  ON* 

With  tha  red  pencil,  trace  from  the  LH  ICE  DETECTOR  circuit  breaker 
to  tha  first  Junction. 

Than  trace  down  to  the  arming  relay  and  power  relay  contacts  % 

Next  trace  from  the  junction  to  the  detector  thennoswitch  down  to 
the  pressure  switch  contact* 

Since  the  engines  are  not  running,  this  switch  will  be  in  the  ICE 
OR  ENGINE  STOPPED  position.    These  circuits  provide  the  v  Itage  potential 
to  arm  the  system  once  the  engines  are  started* 

Fill  in  the  blanks  to  c  aplete  the  following  stateinents* 

!•      For  the  system  to  operate  in  AUTO,  the  engine  inlet  air  ducting 
anti-icing  switches  mu;.    ^e  placed  to   .  (on/off). 

2»      During  automatic  operation,  the  reset  relay  will  be   

(energized/deenergized) • 

3.      With  the  master  switch  in  AUTO,  when  electrical  power  is  first  applied 
to  the  aircr&ft»  the  anti-icing  valve  solenoids  will  be   ,  

4»      When  electrical  power  is  first  applied  to  the  aircraft,  if  the 

tem^rature  in  the  detector  is  below  55*F  the  caje  heater   ^ 

(vill/vill  not)  operate » 

5.     When  the  solenoids  are  energized,  the  valves  ara  . 
(closed/open) • 

Answers  to  Frame  13:    1*    master  switch 


2. 
3, 
4. 


energized 
energizwd 
deenergired 
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Frame  15 


I         The  next  step  in  our  jiequence  is  engine  run  condition.    When  either 
^y  of  the  inboard  engines  (No,  2  or  3)  are  started,  the  air  pressure  in  the 
engine  aii  intake  will  be  sufficient  to  move  the  pressure  switch  contacts 
to  the  NO-ICE  ENGINE  RUN  position. 

Using  a  BLUE  pencil,  draw  the  switch  tc  this  position. 

With  the  blue  pencil,  trace  from  the  pressure  switch  contact  to 
Junction  No.  1. 

From  junction  No.  1,  trace  through  ^he  time  delay  thermoswitch 
contact  to  the  arming  relay  coil.    This  will  energize  the  arming  relay. 

It 

Draw  the  arming  relay  contacts  down. 

Trace  from  the  arming  relay  cantact  back  to  June  ion  No,  1, 

From  Junction  No,  1  trace  back  through  the  arming  relay  coil.  This 
forms  a  holding  circuit  which  will  keep  the  arming  relay  energized 
regardless  of  the  poslCion  of  the  pressure  swltch_contacts . 

With  the  blue  pencil,  trace  from  Junction  1  to  contact  2  of  the 
auto  de«-iclng  relay. 

This  provides  a  voltage  potential  at  this  point  that  will  be  used 
when  ice  is  detected » 


Fill  in  the  blanks  to  complete  the  following  statements, 

1.  When  the  pressure  switch  moves  f)rom  the  engine  stopped  position  to 
the  engine  run  position >  the  ice  detection  system  will  be   

2.  After  the  arming  relay  closes,  it  will  be  held  in  this  position  by 
the 


Answers  to  Frame  14:    1.  on 

2,  deenergized 

3«  energized 

A.  will 

5,  closed 
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Fraoe  16 

If  an  actual  icing  condition  is  encountered  (during  flight),  ice  will 
form  over  the  probe.    This  will  causa  the  pressure  switch  to  move  to  the 
ICE  or  ENGINE  STOPPED  position. 

Using  a  GREEN  pencil,  draw  the  pressure  switch  to  the  ICE  wr  ENGINE 
STOPPED  position. 

With  th3  green  pencil,  trace  a  dashed  line  from  th^  pressure  switch 
contact  to  tne  power  relay  coil.    This  will  energize  the  power  relay. 

Draw  the  power  r^lay  contacts  closed.    Then  trace  a  dashed  line  to 
junctiotv  2, 

From  junction  2,  tr^ce  a  dashed  line  to  Junction  5,  then  to- junction  6. 

Then  trace  down  and  across  the  bottom  contact  of  the  reset  relay  and 
to  the  auto  deicing  relay  coil.    Then  to  the  warning  icing  condition  light. 

This  circuit  turns  on  the  warning  light  to  inform  the  pilot  of  the 
icing  condition,  and  also  energizes  the  auto  deicing  relay. 

^  NOTICE  that  when  the  auto  deicing  relay  is  energized  it  opens  the 
circuit  goytig  to  the  engine  air  anti-icing  irelayv    Hemembar,  when  this 
relay  is  d4energized  during  automatic  operation,  it  permits  the  anti- 
icing  valVes  to  open* 

Go  back  to  junction  3  and  trace  a  dashed  green  line  to  the  probe 
heater.    Also  trdce  from  junct-'on  4  to  the  no-ice  pulsing  relay  coil. 
These  circuits  provide  power  to  ths  heater  and  to  the  no-ice  pulsing 
relay  whenever  thk  power  relay  is  energized. 

You're  prob^ly  wondering  why  the  dashed  green  line.    Part  of  this 
circuit  is  a  pulsating  circuit.    The  probe  heater  is  -^lund  around  the 
probe.    When  ^lectrical  current  flows  through  the  heater,  it  will  melt 
the  ice  f rom  rhe  probe. 

This  means  that  whan  ice  forms  over  the  probe,  the  pressure  switch 
moves  to  the  ice  position  which  energizes  the  power  relay.    This  in  turn 
allows  current  flow  to  the  probe  heater  which  melts  the  ice  from  the 
probe.    When  this  happens,  the  pressure  switch  moves  to  the  NC-ice 
position  which  deenergizes  the  power  relay.    This  scops  current  going 
to  the  probe  heater  which  permits  ice  to  again  form  over  the  probe. 

The  power  relay  will  stay  energized  for  less  than  15  seconds.  Also 
notice  that  the  current  going  to  the  no-ice  pulsing  relay  will  also 
pulsate  causing  this  relay  to  pulsate.    However,  the  anti-icing  valves 
will  not  pulsate.     They  will  stay  open.    We'll  see  how  this  is  possible 
in  Che  next  frame* 

Questions  for  this  frarae  will  be  found  on  the  next  page. 
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Fraffi-a  16  (Conc'd) 

O         fQ  ^^ii  ^«  "^h*  blanks  to  complete  the  following  statements. 

1.      n^e  pc-ver  relay  receives  electrical  power  whenever  ice  fonns  on  the* 

^*      iJ^a?a?'  "^'^       anergized.  current  will  flow  to  the 

naacar,  pulsing  relay,     

 .         light,  and  to  the  auto  deicing  raUy.^  ~~  

3.      The  engine  air  anti-icing  relay  is  controlled  by  the 


Answers       Frame  15:    1.    armed  ' 

2.    holding  circuit 
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Fram«  17 

W.'ve  noted  that  part  of  the  circuit  gets  -  pulsating  current  flow. 
Still,  we  want  the  anti-icing  valves  to  stay  open,  and  the  v.^Mng  light 
roAly  on  as  long  as  the  aircraft  is  in  an  lcin«  condition.     Thxs  it 
will  do.    But  let's  sae^  how. 

W«  previously  traced  power  to  contact  2  (blue  line)  of  the  auto 
deiclng  relay,    '.'ben  the  icing  state  was  detected  it  energized  the  auto 
d«iclng  relay 

With  thd  green  pencil  draw  the  contacts  of  the  auto  deicing  relay 

down. 

Now  trace  the  circuits  from  contact  2,  using  a  solid  green  line  to 
juncv.l^n  5. 

Keep  on  tracing  from  junction  5  to  juu^Mon  6,  then  c  m  and  across 
the  bottom  contact  of  the  reset  relay. 

From  the  bottom  contact  of  the  reset  re] ay,  go  on  to  the  auto 
deicing  relay  •   il  ana  tc  the  warning  icing  condition  light. 

The  circuit  from  contact  2  around  to  the  auco  deicing  relay  coil 
,   .  foroed  a  holding  circuit  that  will  keep  the  auto  deicinp  relay 
energised,  even  tnough  the  power  from  the  power  relay  is  pulsating. 

The  auto  deicing  relay  will  stay  energized  continuously,  because 
of  the  steaiy  power  received  from  contact  2.    .\lso  the  light  will 
-atoain  on  con^*n---^J.y. 

Power  from  junction  6  will  "Iso  go  to  the  no-ice  pulsing  relay 
contact,  and  to  the  thermal    .d.t^.n  in  the  no-ice  time  delay. 

With  a  green  pencil  trace  these  circuits. 

These  circuits  tell  the  pilot  when  he  out  of  the  icing  condition. 
We'll  analyze  the  no-ice  condition  in  the  next  frami. 

Fill  in  Che  blanks  to  complete  the  follovir.g  statements, 

1,      %-hen  an  icing  condition  is  encountered,  the  pressure  switch  and 
power  relay  will  • 

:.      V-hen  Che  auto  deicing  relay  energizes,  contact  2  will  complete  a 
  circuit  to  keep  the  relay  energized. 

.A.-.guei-s  to  Fraae  16:     1.  probe 

2.  probe    no-ice    warning  icing  condition 

3.  auto  deicing  relay. 
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Frame  18 

Up  to  this  point  we  have  traced  the  circuits  tha^  will  cause  the 
anti-icing  valves  to  open  by  deenergising  the  solenoids,  and  turning  on 
the  warning  icing  condition  light. 

The  next  3tep  in  our  sequence  is  the  no-ice  condition,    ^^en  the 
aircraft  flies  out  of  the  icing  condition,  the  pilot  has  to  be  rrid  so 
that  he  can  turn  the  systeu  off*    An  Important  point  to  note  is  that  the 
system  will  not  tu^*n  off  ^automatically • 

When  the  aircraft  goes  to  a  notice  condition,  the  ice  will  st.p 
forming  over  the  probe.    The  pressure  switch  will  then  stay  in  the 
no-ice  engine  run  position*    This  means  the  power  relay  will  stay 
'^lo energised.    When  this  takes  place  there  will  no  longer  be  current 
flow  to  the  no-ice  pulsing  relay,  ana  the  relay  will  stay  deerargized. 

Earlier  we  had  traced  a  voltage  potential  to  the  no--lce  pulsing 
relay  contact,  and  to  the  thermal  switch  in  the  no-ice  time  delay. 
Since  the  no-ice  pulsing  relay  is  now  remaining  in  the  deenergized 
position,  current  will  flow  through  the  cci.  act  to  the  heating  element 
in  the  no-ice  time  delay.    When  cunent  fi.ows  through  this  heater  for 
90  seconds.  It  will  cause  sufficle-*-  heat  to  close  the  contacts  of 
the  thermal  switch.    When  the  themal  switch  closes  current  can  flow 
to  the  no-ice  light. 

Using  a  BROWN  pencil,  trace  from  the  no-ice  time  delay  thermal 
switch  to  the  ::o-ice  light. 

The  result  of  current  flow  through  the  no-ice  tirna  delay  heating 
element,  and  then  through  the  thermal  switch,  turns  on  the  no  ice 
light.    This  tells  the  pilot  that  he  no  longer  needs  uhe  engine  inlet 
air  duct  anti-icing  system  on.    Remeiii)er,  we  stated  earlier  that  the 
cystem  will  not  shut  off  automatically,  the  pilot  must  turn  it  off. 

Also  remember^  that  the  no-ice  light  will  not  come  on  until  90 
seconds  after  the  aircraft  flies  out  of  an  icing  condition. 

Fill  in  the  blanks  to  complete  the  following  statements, 

1*      When  an  icing  condition  no  longer  exists,  the  ^30-IC£  light  will  be 
turned  on  by  the 


2,      The  no-ice  time  delay  thermoswitch  is  clc    :d  by  a 
alament , 

^^nswars  to  Frame  17?     1.  pulsate 

2*  holding 


\ 

177/ 

Fracus  19 

To  3top  the  anti-icing  system  from  operating  the  pilot  will  T.orr.entar 
place  the  rruxstet  switch  to  reset.     The  switch  is  spring  loaded  from  this 
pcsition^    %lien  this  switch  is  hexd  raorrentarily  to  RESET,  it  will  direct 
current  flow  to  the  reset  relay  •    This  will  energize  the  relay. 

Now  notice  that  when  the  relay  is  energized,  it  opens  the  holding 
circuit  (bottom  contact)  to  the  aufo  deicing  relay.    This  deenergizes  the 
ajto  deicing  relay.    ^.Vhen  the  master  switch  is  released  it  goes  back  to 
AUTO,  which  again  deenergizes  the  reset  relay. 

Now  notice  that  when  the  reset  relay  and  the  auto  deicing  relays 
are  deenergized  there  is  a  complete  circuit  to  the  engine  air  anti-icing 
relay  coil.     Tl\i?  energizes  the  engine  air  anti-icing  relay  which  com- 
pletes tha  circuit  to  energize  the  scoop  and  vana  anci-icing  solenoids. 
Tnis  closes  all  valves. 

Fill  in  the  blanks  to  complete  the.    allowing  statements. 

1,      After  an  icir;^  condition,  to  close  the  engine  inlet  scoop  and  guide 
vana  anti-icing  valves  the  pilot  must  place  the  master  switch  to 


2.      The  no-ice  light  is  turned  off  "         the  master  switch  is  placed  to 


Ansv/ers  to  Frame  18*     1*     no-ice  time  delay 

2.  heating 
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In  tha  course  of  normal  operation,  the  power  relay  should  at  no 
time  stay  energized  for  more  than  15  seconds •    If  it  should  stay  energized 
for  more  than  15  seconds,  the  time  delay  unit  in  the  interpreter  will 
dearm  the  system* 

Let's  see  how  this  will  cake  place.    Note  that  when  the  power  relay 
is  energized,  current  flows  to  junction  2  and  from  Junction  2  it  can  go 
up  to  the  heater  in  the  time  delay  unit. 

If  current  flows  through  the  heater  for  more  than  15  seconds  it 
will  cause  enough  heat  which  will  open  the  time  delay  thermal  switch* 
This  will  open  the  switch  contacts,  which  will  open  the  holding  circuit 
that  is  keeping  the  arming  relay  energized. 

This  will  open  the  circuit  through  the  arming  relay  which  turns 
the  system  off.    The  system  will  stay  off  until  the  pressure  switch 
moves  back  to  the  NO- ICE  ENGINE  RUN  position  which  will  rearm  the  system. 
Thi?t  would  be  an  abnormal  operation  which  could  be  caused  by  a  trouble 
such  aa  an  inoperative  probe  heater. 

Fill  in  the  blanks  to  complete  the  following  statements. 

1.  If  the  pressure  switch  remains  in  the  ICE  OR  ENGINE  STOPPED 
position,  the  system  will  be  shut  off  by  the   ^  

_  unit* 

2.  During  inflight  operation,  with  the  master  switch  in  AUTO,  the 
warning  icing  condition  light  comes  on,  but  after  a  few  seconds 
the  light  goes  out.    This  trouble  could  be  caused  by  a  defective 


Answers  to  Frame  19:    1.  reset 

2.  reset 
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FraM  21 


Open  foidout  2.    This  foldouc  contains  the  electrical  diagram  of 
the  system  with  several  troubles  indicated  by  circled  numbers ,  The 
following  statements  Identify  probable  troubles  in  the  system.  Read 
the  statements,  then  select  the  circled  number  from  the  diagram  that 
would  causa  the  trouble.    When  complete,  have  thy  instructor  check 
your  answers . 

!•    During  flight,  with  the  master  switcn  in  Auto,  the  warning 

icing  condition  light  does  not  corae  on.  but  che  valves  opened, 

2.   During  flight,  the  warning  icing  condition  light  comes  on; 

remains  on  for  approximately  15  seconds,  then  goes  out.  To 
maintain  engine  anti-icing,  the  system  must  be  operated  in 
manual. 


3.  During  flight,  the^master  swicch  in  AUTO,  the  wamin-*  icing 

condition  xight  shows  a  pulsating  operation,  and  the  engine 
anti-ice  valves  do  not  open* 

^«    During  operation  of  the  ice  detection  system,  the  warning  icing 

condition  light  comes  en,  but  the  no-ice  light  does  not  come  on. 

5-  ^  With  the  master  switch  in  MANUAL,  the  No.  1  engine  anti-icing 

valves  remain  open  with  the  switch  in  OFF.    The  valves  close 
whan  the  master  switch  is  placed  to  AJTO, 


Answers  to  Frame  20:     1,     time  delay 

2,    probe  heater 
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Fraaa  1 


Tiio  Mparattt  air  conditionlnj  sysUM  supply  conditioned  air  to 
th%  lttt«rlor  of  the  cargo  mlrcraft.    The  two  systems  are  similar 
except  for  floif  capacity •    The  higher-capacity  system  is  used  for  the 
cargo  cor^artnent  and  the  lo>-ar  capacity  system  is  used  for  the  flight 
deck  station, 

NO  8ESPWSE  REQUIRED 


Frame  2 

Each  air  conditioning  system  cools  bleed  air  fed  to  it  from  the 
bleed  air  supply  system,  removes  water  from  the  cooled  air,  and 
conducts  a  mixture  of  hot  air  and  cold  air  through  duc^s  to  outlets 
in  the  aircraft  compartments.    Temperature  of  the  air  supplied  to  the 
interior  coapartaents  is  regulated  by  controlling  the  ratio  of  hot  air 
to  cold  air  in  the  mixture. 


Read  each  statement  belc  ,  then  mark  each  jne  either  T  (true)  or  F 
(false) . 

The  air  conditioning  system  regrigerates  bleed  air,  removes 
v*ter  from  the  cooler  air,  and  conducts  a  mixture  of  hot 
air  and  cooled  air  through  ducts  to  outleta  in  the  aircraft 
compartments* 

The  air  conditioning  system  cools  ram  air,  removes  water 
from  thii  ram  air,  and  conducts  a  mixture  of  ram  air  and 
atmospheric  air  through  ducts  to  outlets  in  the  aircraft 
compartments* 

The  temperature  of  the  air  supplied  to  the  compartments 
is  regulated  by  controlling  the  ratio  of  hot  air  to  cold 
air  in  the  mixture. 

The  temperature  of  the  air  supplied  to  the  compartments 
is  regulated  by  controlling  the  ratio  of  ram  air  to  hot 
air  in  the  mixture. 


2* 


3. 


f  raa«  3 


In  thin  package  w«  siull  cov«r  ths  high-capacity  (cargo 
cospartaant)  air  cotxditlotilng  sy«taa  shewn  in  tha  schataatic 
balw* 

Each  air  conditioning  systam  conalsta  of  a  vanturi-tyi^'a  flow 
control  and  shutoff  valva»  a  rafrigaratlon  unit  (oifda  up  of  a  heat 
axchangar^  turbine  and  fan  assaably»  and  jet  pump),  water  separator^ 
anti-ice  screen,  auxiliary  vent  velvet  and  distribution  ducts. 

The  cargo  compartiuint  system  includes  the  cargo  under  floor 
heating  system  made  up  of  a  floor  heat  shutoff  valve  and  diverter 
valve  for  heating  the  cargo  floor* 


NO  RISPONSE  REQUIRED 


Frame  4  /7W 


A  v«nturi-typ«  flow  control  and  shutoff  valve,,  shown  baxow,  is 
tha  firac  unit  ocuntad  in  the  air  conditioning  system. 


This  unit  is  set,  by  tha  position  of  the  air  conditioning  master 
switch,  for  thvM  operating  conditions: 

1.  Operation  during  flight, 

2.  operatiou  on  the  ground  with  the  gas  turbine  compressor  (GTC) 
supplying  bleed  air, 

3t      and  the  shutoff  condition  when  air  conditioning  or 
pressurization  is  not  wanted. 

During  flight  operation,  or  ground  operation  with  the  engines 
operating,  the  cargo  compartment  flow  control  valve  maintains  nearly 
a  constant  tlow  of  70  pounds  per  minute  of  air  into  the  cargo 
compartment. 

The  GTC  supplies  only  a  limited  amount  of  air  for  ground  air 
conditioning.    The  cargo  compartment  flew  control  is  set  to  throttle 
flow  according  to  pressure  only,  regardless  of  the  amount  of  flow 
allowed* 

The  cargo  compartment  flow  control  vaive  is  preset  to  maintain 
a  pressure  of  55  inches  of  mercury  in  the  bleed  air  system  to  insure  an 
adequate  supply  of  air  to  the  flight  station  when  che  aircraft  air 
conditioning  master  switch  is  in  the  AIR  COND  GTC  position. 

With  the  air  conditioning  master  switch  in  the  OFF  position, 
the  cargo  compartment  flow  control  and  shutoff  valve  closes  and  stops 
the  flow  of  bleed  air  into  the  air  conditioning  system. 


5 


Frasae  4  (Cont'd) 


RMd  «4ich  statwaent  below,  then  jrark  each  one,  either  T  (true)  or  F 
(felse) . 

  1*      The  flow  control  and  ahutoff  valve  is  aet  for  three  operating 

conditions  by  the  pcsition  of  the  air  conditioning  maater 
switch  * 

 „  During  flight  opisratioa  or  ground  operauion  with  the 

engines  running  the  f^^ow  of  70  pounds  ptr  minute  is 
ffiaintainki  by  the  flow  control  and  shucoff  valve. 

 .  3.      When  the  air  conditioning  master  switch  is  in  the  AIR  COND 

CTC  position  the  cargo  compartment  flow  control  and  shutoff 
valve  insures  a  presjiure  of  55  inches  of  mercury  to  the 
flight  station. 

  4.      With  the  air  conditioning  master  switch  in  the  OFF  position, 

the  flw  control  and  shutoff  valv-  is  closed. 


Frame  5 

An  eight  hole  orifice  (21)  is  installed  in  the  bleed  air  duct 
(22)  leading  to  the  he..t  exchanger. 

The  orifice  is  used  to  drop  the  air  pressure  entering  the  heat 
exchanger  and  prevent  overspeeding  of  tha  turbine. 


Circle  the  number  of  the  statement  that  best  dascribe,  thy  purpose 
of  the  orifj:3, 

1.      The  orifice  drops  the  air  pressure  entering  the  heat  exchanger 
and  prevents  overspeeGj.ag  of  the  turbine. 

The  orifice  restricts  the  flow  of  air  leaving  the  heat 
exchanger . 

Tt.&  oriz  ,ce  stops  t^f*  ^:iov  of  air  entering  the  heat  excharger. 


Frajoa  6  l^SH 


The  cargp  air  conditioning  unit  (above)  is  made  up  of  ar.  air-to 
*ir  heac  exchanger,  a  turbine 'and  fan  aaseably,  and  a  jet  pump. 

Hot  bleed  air  is  conducted  throu^  dimpled  tubes  of  the  heat 
exchanger     because  outaide  (ram)  air  is  drawn  over  the  tubes,  part 
of  the  hei  t  of  the  bleed  air  ^s  lost  to  the  ram  air  which  is 
exhausted  overboard  from  the  heat  exchange!. 


Circle  the  number  of  the  statement  that  best  describes  thy  purpose 
of  the  heat  exchanger. 

1.  The  heat  exchanger  reduces  the  temperature  of  the  bleed  air  by 
transferring  heat  to  ram  air. 

2.  The  heat  exchanger  reduces  the  temperature  of  the  ram  air  bv 
transferring  heat  ♦:o  bleed  air. 

3.  The  heat  exchanger  inc  aa.es  the  temperature  of  the  bAeed  air 
by  transferring  heat  rrom  the  ram  air. 


FrajM  7 


Ram  air  is  drawn  ovtr  ths  tubeb  of  the  heac  exchanger  by  the  fan 
of  the  turbine  and  fan  aaseobly  and  a  jet  pump.    Only  a  small  part  of 
the  cooling  air  passes  through  the  fan.    This  part:  of  the  air  is 
forced  out  at  high  speed  through  the  jet  pump. 

The  jet  puznp  creates  a  low  pressure  area  ia  te  heat  exchanger 
exhaust  which  draws  a  large  voluioe  of  cooling  air  through  the  heat 
exchanger. 

The  fan,  by  drawing  ram  air  acrosia  the  heat  exchanger,  puts  a  load 
on  the  turbine  to  keep  it  from  ovcrspeeding.    Bleed  air.  p.irtlally  cooled 
by  flowing  throu^  the  heat  exchanger,  is  fed  through  a  duct  to  the 
turbine.    The  high  pressure  <-ir  strikes  the  turbine  blades  to  drive  the 
wheel  at  high  speed.    The  warm,  high  pressure  air  thus  loses  its  heat 
energy  by  converting  heat  ener^^  to  mechanical  energy  and  by  rapid 
expansion  of  the  air.    Not  all  rhe  air  is  cooled. 

Air  can  flow  through  the  turbine  bypass  or  the, ref rige nation  unit 
bypass.    The  amount  of  air  flowing  through  the  heau  exchanger  and 
turbine  depends  o-  cooling  requirements  established  by  the  temperature 
control  system. 

NO  RESPONSE  REQUIRED 


Frastfi  8 

Head  eACh  stateMnt  balow,  then  mark  each  ona  either  T  (tr--^^  or  F 
(falsa) * 

■-    -    !•      Th«  J«t  punp  craataa  a  low  prasaur*  area  in  the  heat 

axchangiir  axhauat  which  drama  a  large  volume  of  ram  air 
tJirough  tha  haat  ^::<:Jiangar . 

-    2#      The  fan  by  drawing  ram  air  acrois  the  heat  exchanger, 

puts  a  load  on  the  turbiae  to  keep  it  from  overspeeding. 

3»      The  turbine  cools  ram  air  by  converting  heat  energy  to 
mechanical  eaergr  and  by  rapi<^  eoqpansion. 

4.      All  tM  bleed  air  ia  cooled, 

„       5.      The  temperature  control  <»ystem  establishes  the  cooling 

requirements* 

 S.      The  amount  of  air  blown  through  the  heat  exchanger  an*:^ 

turbine  depends  upon  the  cooliag  requireii»ats  establx  ^ed 
b^  the  temperature  control  system. 


BLEED  AIR 


REFRIGERATION  UNIT  BYPASS 
TURBINE  BYPASS 


ERIC 


17^7  Fraw  9 


Thm  condenser- eliminator  type  of  water  separator  shown  below  is 
used  to  remove  70  to  85  percent  of  the  water  from  the  cooled  air. 

A  conical  fiLerglat  bag  (condenser  asiieicbly)  Is  used  to  consens't 
the  fog  in  the  cooled  air  to  waror  droplets.    These  water  droplets  are 
^carried  with  the  air  to  the  eliminator  section.    Here  they  collect 
into  larger  drops,  run  to  the  bottom  of  the  unit,  and  out  through  the 
ffloisture  drain. 

A  bypass  valve  (pre<isure  ^elief  va^lve)  is  instalxed  in  the  nose 
of  the  condenser  to  provide  an  alternate  path  for  the  air  if  ice  or 
any  other  substance  clogs  the  fiber glas  condenser  bag. 


Read  each  sutemeat  be  .ow^  then  oark  each  one  -icner  T  (true)  or  F 
(false). 

^        1-      the  water  separator  rcraoves  70  to  85  perc^fnt  of  the  '^r^f^f 

from  the  cooled  air. 

  ^'      A  conical  vlre  screen  is  used  to  condense  the  tog  in  the 

oole.^  air  to  water  droplets, 

  3.      The  water  droplets  collect^  into  larger  drops  inside  the 

eliminator  assetobly,  r\m  to  the  bottom  of  the  separator, 
and  drain  out  through  the ^moisture  drain. 

  ^«      The  pressure  relief  valve /provides  an  alternate  path  for 

the  air  if  ic^.  or  any  other  aubstance  ciogs  the 
fiberglas  condei^<5t»r  ^ag. 
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Fraoe  10  l7f^ 


Anti-Ice  Scre«n. 

If  6h«  t«p.r«u^;  of  tt.  tJ^M^^r"?:'*'**  '°  di.charg*  duct. 

through  the  turtle  ridufir  S  tn.^±nB,    When  the  airflow 

Wich  Se  .peiJ  of  Jhl  f^;'  '^-^/P*!^  °^         turbine  l8  also  reduced. 
llowS;  th:^^^;;^;'^^"'  :%^""f  ♦  air  i.  produced. 

•     «  uMiperacure  of  the  turbine  diacharge  air  to  ri«€. 

.creeT^hrjurtSrsp^ad  f"'"'''  ^^'^^         '"^^        °-  the 

the  w.tL  irthe  '"in^inad  at  the  exact  freezing  point  for 

Re.d^.ach  statanant  below,  then  mark  each  one  either  T  (true)  or  F 
,  1.      The  anti-ice  screen  prevents  icing  of  the  water  separator. 

— ^Jr.r^a:'up!'  "^''^^ '^"^^^^  ''^^  -^^-^-^ 
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ftam  U 

Wbw  bl«ed  air  flows  through  tha  cargo  coxiipartment  air 
conditioning  system,  it  follows  thra«  courses  as  ahovm  in  the 
schematic  belov« 


TEMf  CONTROt  VAUe 


r 


COURSE  1:      The  bleed  air  flows  directly  to  the  overhead 
cutlets  vithout  being  cooled. 

COURSE  2:      Th^  bleed  air  is  directed  through  the  heat 
exchanger,  but  nol  the  turbint. 

CC'TRSE  3:      The  air  is  directed  through  the  turbine  of  th^ 
turbine  and  fan  assembly. 

The  sir  flawing  from  all  these  courses  is  mixed,  and  the  mixture 
flows  through  the  overhead  out'ats  to  the  cabin.    The  temperature 
control  valve  is  operated       distribute  the  bleed  airflow  to  these 
paths,  thus  it  woncrols  the  temperature  of  the  mixture  distzibuted 
tnro  gh  overhead  outlets  to  the  cabin* 
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QuMtiona  fcr  Frame  11 


Read  each  atateaant  below,  then  mark  each  one  either  T  (true)  o^  F 
vfalce) . 

  1.     There  are  three  path*  for  bleed  air  to  flow  through 

la  the  air  conditioning  aiyeteia, 

  2.      The  temperature  control  valve  controls  the  mixture  of 

air  distributed  through  the  overhead  ducts  by  controlling 
the  airflow  through  three  (3)  paths. 

  3.      To  get  hot  air.  the  bleed  air  must  go  through  the  turbine 

of  the  turbine  and  fan  aasendbly  and  then  be  distributed 
through  the  overhead  outlets  to  the  cabin. 
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ftE5ltGSfiATOII  lYFASS  POKT 


^*^TU«IIN£  lY.  ASS  P09LJ^ 


COID 


COOL 


DUAL  lUnKRFvY  TEMP.  CONTROL  VAlVg  POSITIONS 
llPtlGHATOt  lYpASS  PO*"T- 


A^H  Flow 


WARM 


AIR  flow 
TURIlNe  ftYPASS  PORT 


MOT 


Th#  teiap^rature  control  valve,  ghcwn  above,  is  a  dual  unit  with  ona 
battarfly  in  the  refrigerator  bypass  and  another  in  tlie  turbine  bypass* 

Inm  two  butterflies,  driven  by  an  electric  actuator  are  positioned 
am  follows: 


COLD 

COOL 

WARM 

HOT 

Turbine 
Bypwa 

CLOSED 

OPEN 

OPEN 

CLOSED 

Refrigerator 
Bypass 

CLCSEO 

CLOSED 

OPEN 

OPEN 

This  ^/alve  is  controlled  by  the  teiiq>eratur£»  control  system. 
RMd  each  statement  below,  then  mark  each  one  either  T  (true)  or  F  (false). 
1, 


To  get  cold  air,  both  the  turbine  bypasa  port  t^^d  the 
refrigerator  bypass  port  are  closed. 

To  get  hot  air,  the  refrigerator  bypass  port  is  open  and 
the  turbine  bypass  port  is  closed. 

To  get  warm  air,  the  refrigerator  bypass  port  is  cJ;jsed  and 
the  turbine  bypass  port  is  open. 

To  get  cool  air,  the  refrigerator  bypass  port  is  oper*  and 
the  turbine  bypass  port  is  open. 
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Frame  13  I79S. 


I 


nOOt   HiAT  ShUTO^?  VAlVg 

^lOOH  M«AT  oivftrei  VAIVI 


TO  AH  CONO  SYS 


ilCCD  Ail 


The  floor  heat  diverter  valve  Is  part  of  the  under-floor  heat 
ays  ten* 

Th«  diverter  valve  control,  the  diversion  of  bleed  air  flow  from 
the  cargo  conpartaant  air  conditioning  system  to  the  floor  heating 
aya  ten* 

The  diverter  valve  is  used  to  maintain  a  comfortable  temperature 
during  operation  of  the  aircraft  at  low  outalda  aatient  temperature. 

''!^'^       controlled  by  the  under-floor  heat  temperature 
control  system.  ^ 


Cir;  ,  the  auaber  of  the  staterant  that  beat  deacribea  the  purpose  of 
the  -  *oor  heat  diverter  valve. 

1.  The  floor  heat  diverter  valve,  diverts  the  flow  of  bleed  a"r 
from  the  cargo  compartment  air  conditioning  system  to  the  under- 
floor  heating  system. 

2.  The  floor  h«at  diverter  valve  turns  the  cargo  compartment  air 
conditioning  system  on  and  off. 

3.  The  floor  heat  diverter  valve  stops  the  flow  of  air  entering 
the  cargo  compartmeat  air  conditioning  system. 
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17^3  1* 


Th«  floor  heat  shutoff  valve  is  moved  to  the  OPEN  position  when 
the  uader-floor  heating  ewltch  Is  placed  in  the  ^  poeition. 

Opening  thte  floor  heat  ehutoff  valve  allows  bleed  air  to  flow  to 
an  ejector  (see  the  schematic  below),  installed  under  the  cargo  floor. 

The  bleed  air  is  routed  forward  and  aft  through  nozzles  in  the 
ejector  (see  the  schematic  below),  into  mixing  chambers  where  bleed 
air  is  mixed  with  ambient  temperature  air  from  the  floor  cavity. 

The  air  is  than  routed  through  distribution  manifolds  extending 
the  length  of  the  cargo  compartment  floor ♦ 


UeCTOH  NOZZIE 


Read  each  statement  below,  then  mark  each  one  either  T  (true)  or  F 
(false). 

— ^1.         Opening  the  floor  heat  shutoff  valv^e  will  allow  bleed  air 
to  flew  to  an  ejector  under  the  cargo  compartment  floor, 

  2.      Bleed  air  is  routed  forvrrd  and  aft  through  nozxles  in  the 

ejector  into  mixing  chambers  there  it  is  mixed  wlnh  smblent 
temperature  air  from  the  floor  cavity, 

 3.         Opening  the  floor  heat  shutoff  valve  will  posit  on  the  cargo 

compartment  temperature  control  valve. 

  4,      Opening  the  floor  heat  shutoff  valve  will  reirnve  moisture 

from  the  refrigerated  air. 
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Frame  15 


■otor  to         th.  vH^r  ^  "1"8«  "  t"""  ">lve 

.^^to*?? i^^^h":'  is  controlled  by  the  ergo  co.upart:nent 

ucott  .witch,  a  rrlay,  and  an  emergency  depreasuriaation  switch, 

ii^rJiJtS  TIJJ'"'       controlled  by  an  air  conditioning 
master  .witch,  a  differential  pressure  switch,  and  a  relay. 

^'      Sr^Jr^'^^r-'u"*"'  ^^^^^^  ^«  controlled  by  the  "Ram-Dump" 
position  of  the  cabin  pressure  switch.  ^ 


17 


572 


Th«  auxiliary  vent  valve  is  uaed  to  ventilate  the  aircraft  in 
fli^t  at  low  altitudes.    It  is  alao  uaed  to  supply  conditioned  air 
to  tha  cabin  from  external  air  conditioners  when  the  aircraft  is  on 
the  ground. 


In  flight,  the  ram  air  entering  the  hci*c  exchanger  ram  air  inlet 
ia  uaed  to  ventilate  the  aircraft  in  case  the  cabin  air  conditioning 
unit  breaks  down* 


Circle  the  number  of  the  statement  that  best  describes  tha  purpose 
of  the  auxiliary  vent  valve. 

1.  Tha  auxiliary  vant  valve  is  used  to  ventilate  the  fuaelage 

2.  Tha  auxiliary  vant  valve  is  used  to  ventilate  the  aircraft  :.n 
fll^t  at  low  Altitudea  and  to  supply  conditioned  air  to  the 
cabin  frpm  external  air  conditioners  when  tha  aircraft  is  on 
tha  ground. 

3.  Tha  auxiliary  vent  valve  is  used  to  ventilate  the  electronic 
compartment  at  low  altitudes  and  to  supply  conditioned  air  to 
tha  electronic  compartment  from  external  air  conditioners. 
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Frame  17  1^96 


CAM* 


Th*  pressure  switch,  ahcjwn  a'  '^ve,  is  in  the  auxiliary  vent  valve 
electrical  circuit. 

It  opena  its  contacts  when  cabin  pressure  exceeds  ram  air  pressure 
in  the  heat  exchanger  ram  air  inlet  by  more  than  0.28  psi. 

While  the  switch  contacts  are  open»  the  au:iCxliary  vent  valve 
relay  cannot  be  energiaed^  so  the  valve  cannot  be  opened* 

The  purpose  of  the  switch  is  to  prevent  collapse  of  the  air 
conditioning  distribution  ducts  result:Lng  from  differential  pressure 
across  the  duct  walls.    This  differential  pmssure  would  occur  if  the 
au3d.liary  veat  valve  was  opened  while*  the  aircraft  was  pressurized. 

Read  eech  statement  below,  then  mark  each  one  either  T  (true)  or  F  (false). 

  1»      The  pressure  switch  opens  its  contacts  when  ram  air  pressure 

exceeds  cabin  pressure, 

  2,      While  the  pressure  switch  contacts  are  open,  the  auxiliary 

vent  valva  relay  cannot  be  energized  and  the  valve  cannot  be 
opened • 

  3.      The  pressure  switch  prevents  a  collapse  of  the  air  conditioning 

distribution  ducts  resulting  from  differential  pressure  across 
the     xt  walls. 

  4 1.      The  pressure  switch  operates  on  a  differential  pressure  of 

more  than  0.28  psi. 
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Corrtct  Reaponses  to  all  Frames, 
Frana  2 

1.  T 

2.  F 

3.  T 

4.  F 

Frama  4 

1.  T 

2.  f 

3.  T 

4.  T      '  \ 
Frame  5 

1 

Frame  6 
1 

Frame  8 


1. 
2. 
3. 
4. 

5. 
6. 


T 

I 
P 

F 
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Frame  9 

1.  T 

2.  F 

4.  T 
Frame  10 

1.  T 

2.  T 

3.  F 

4.  T 


Frama  11 

1.  T 

2.  T 

3.  F 


Frame  12 

1.  T 

2.  T 

3.  F 

4.  F 

Frame  13 
1 

Frame  14 

1.  T 

2.  _  T 

3.  ^1 

4.  F 

Frame  15 
2 

Fram^  16 
2 

Frame  17 

1.  F 

2.  T 

3.  T 

4.  T 
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Frame''  ^ 

•  o 
In  this  lesson  you  will  learn  how  mercu  y  thermostats  can  be  uaed  to' 
^ntrol  the  temperature  of  conditioned  air  in  the  aircraft. 

A  mercury  thermostat,  can  be  compared  with  an  ordinary  thermometer  which 
you  would  use  at  home  to  take  your  temperature  or  to  find  the  cempera^ture  on 
any  day.  It  worka  oa  ^he  principle  that  mercury  expands  (rises)  when  heated 
ind  contracts  (falls)  when  cooled. 


'  No  Response"  Required 

Frame  2 

""""1^  we  will  take  a  thermostat,  add  some  wire  and  show  you  a  simple 
thermositat  control  circux:. 

M^MEMBER:    Mercury  inside  a  thermostat  rises  when  heated. 

Mercury  is  a  good  electricax  conductor. 

Current  will  follow  the  path  of  least  resistance. 


\ 
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Frame  2  Con' t  . 


RELAY  eNERGiZEO 


If  thQ  mercury  is  below  the  contact  wire  (Poiiit  a)^  the  relay  will  be  J 
energized*    This  is  because  the  circuit  between  Point and  the  thermostatc 
ground  i3  open. 


■AAV- 


'    RELAY  OE  ENERGIZED 


■). 


"  If  mercury  rises  to  the  contact  wire  (Point  A)  then  the  re.^  ay  will  ^e 
deenergiz^d.    This  is  because  the  thermostat  has  provided  an  easier- path 
(less  rf  listance)  to  ground  than  the  relay. 


ERIC 


Tae  temperature  of  the  air  in  the  aircraft  caujees  the  mercury  to  rise 
or  fall  within  the  thermostat.    Hgt  air  causes  mercury  to  ris?  and  cold  air 


/  causea  mercury  to  fall. 


Frame  2  Con  *  t 

Mark  the  following  statements  either  T  (true)  or  F  (false). 

^*         ^      Mercury  is  a  good  electrical  conductor. 

2«    Current  takes  the^ path  of  laast  resistance. 

^'    the  mercury  reaches  .the  contact  wire  then  the  relay  will 

deenergize  because  it' has  less  resistance. 
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Ansiiersv  t^' Frame  2:1.12/.  T^3.F 

Frame  3    ^      ^  .  ' 

»  hcM  let's  say  that  we  want  to  complete  a  circuit  through  a  thermostat 
but  the  air  is  oot  warm  enough  to  raise  the  mercury  to  the. contact  wire. 
To  raise  the  mercury  we  add  a  "heater"  to,  the  thermostat. 


\ 


-  -0- 


!10" 


MfATE«  COU 


REl  AY 


The  heater  is  made  of  a  small  wire  wrapped  around  the  base  of  ^he  > 
thermostat.    The  heat  that  irf  generated  b^r  allowing  curre/it  to  flow  through 
the  heater  coil  will  ceuse  the  mercury  to  xiae,    A  variable  resistor  or 
rheostat  is  used  to  control  the  amount  of  current  being  applied  to  the  heater. 

If  the  rheostat  is  moved  toward  cool,  the  resistance  in  the  heater 
circuit  decreases  and  the  current  applied  to  the  heater  increases.  Thus, 
more  heat  will  be  given  off  by  the  ^eater  and  the  mercury  rises  faster . 

If  the  rheostat  is  moved  toward  wkrm,  the  resistance  in  the  heatar  ^ 
circuit  increases  and  the  current  applied  to  the  heater  decreases.  Xhus^ 
less  heat  will  be  given  off  by  the  heater  and  the  mercury  wj|.ll  rise  slower. 

By  using  the  rheostat^and  hea:er  we  caa  control  the  movement  of  m^cury 
Inside  the^thermostat 'and  in  turn  control  the  temperature  of  t1tifr-Al£^ 

Fill  in  the  blanks  to  complete  the  following  statements. 

1        A  ^  can  be  used  to  control  the  mercwv 


in  the  thermostat. 
By  using  the 


and 


temperature  of  the  air  in  the  alrcratt, 


we  can  conj;rol  the 


Answers  to  Fr«Lj  3:  1.  thermostat  beeter  2.  rheosftt  and  heater 
,  REVIEW  EXERCISE  #1  *        '  ' 


Mark  the  following  statements  eithfer  T  (true)  or  F  (false). 

 A  nercury  theirmostat  can  control  such  devices  as  relays, 

2*   A.  caercury  thermostat  can  be  used  to^contro\  a  complete  temperature 

^^^^ control  system.  » 

3*   ^  The  mercury  will  rise  when  heat  is  applied  to  the  thermostat. 

^  ^  ^  A  itercury  thermostat  can  be  compared  to  ,an  ordinary  thermometer. 

5-   The  more  resistance  in  the  rheostat  the  faster  the  heater  will  warm 

up  the  rheostat.  *  * 

Fill  in  the  blanks  to  complete  the  following  statements.  • 

6.  If  two  (2)  wires  are  connected  by  the  /current  will  •  • 

flow  through  the  theraoaCat. 

7.  A 'heater  is  used  to  heat  the  thermostat  so  the  mercury  will  * 

faster  than  normal.  *  ^ 


8»      A    controls  the  amount  of  current  going  to  the  heater. 

9.  The  rheostat  and  heater  the  luovenfent  of  mercury 

Inside  the  thentostat. 

10.  A  rheostat  is  a   resistor. 

11  •  ^  to  the  thermostat  heafer  coll  can  be  changed,  by' 

using  the  

 •  ^        .  '  i 

12.  Mercury  is  a   ■       electrical  conductor. 

13.  Current  takes  the  path  of      "  *   . 


Check  your  responses  at  the  top  of  frauie  4, 

4^ 


1 


nos 

Auswers  to  Review  Exercise  1:    1.  t2.    £    3.    T4.    T5.    £6.  MerAury 

7.  Rise    8.    Rh<».08tat    9.    Control    10.  variable 

-11.  Current  Flow,  Rheostat    12.  Good 

13.  LeaBt  resistance* 

Frame  4  '  '  • 

'  The  temperature  control  box  for  this  system  contagtias  three  (3)  relays 
(shown  below)  and  six  resistors.  ^ 

The  relays  are  energized  and  deenergized  hy  the  mercury  thermostats. 
Those  thermostats  will  control  the  relays  and  the  relays  will  determine  if 
'the . temperature  control  system  calls «f or  hot  or  cold  air. 


CaKn  KfiAr 


Mark  the  following  statements  either  T  (true)  or  F  (false)  . 

1.   The  thermostats  are  controlled  by  the  relays  , 

2. 


The  thermostats  will  determine  if  the  temperature'  control  system 
calls  for  hot  or  cold  air. 


Answers  to  Frame  4:    1.    F      2*  F 


Frame  5  .'^ 

Shovm  below  are ^ the  High  LinLlt  thermostat,  Cabin  Compartment  thermostat 
^nd.  Duct  Anticipator  thermostat.  ^ 

Each  thermostat  has  a  different  operating  temperature  and  a  different 
purpose  to  help  maintain  the  dssired  cabin  temperature. 


No  Response  Required  / 


Idol 


Frame  6 


'^®.£sfeiSL  thermos  tat,  shown  below,  cont^rols  the  operation  of  the  Cabin 
relay.    When  mercury  comes  in  contact  with  the  110^  contact  wire  the  Cal?in 
relay  will 'deenergiare,    Remeniber,  current  follows  the  path  of  least  reeistancf , 


<OOi 


JIHeoSTAT 


CaUN  COmPA«Tm€NT 
THERMOSTAT 


C  AIIN 
«elAY 


/    Ihe- heater  of  the  Cabi^i  thetmostat  has  two  (2)  current  supplies: 

I  ^.1)     From  the.  bottom  contact  of  the  cabin  relay. 

^  (2)    From  the  cabin  temperature  rheostat. 

By  positioning  the  rheostat,  the  amount  of  current  being  applied  to  the 
heater  can  be  increased  or  deQreased.    This  in  turn  controls  how  fast  the 
ma^cury  In  che  thermostat  rises  or  falls.  =  - 

By  controlling  the  movement  of  the  mercury  you  can  control  the  operation 
of  the  cabin  relay.  ^  In  turn,  by  co^itrolling  the  cabin  relay  you  can  concrol 
the  temperature  of  the  air  entering  the  cabin. 

Fill  in  the  blanks  to  complete  the  following  statealnts, 

1.      Th«  Cabin  thermostat  heater  has  currant  supplies. 

"2.      The  Cabin  relay  will   at  


^^5 
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AnsweiS  to  Frame  6:    1.    2  (two)      2.    deetiergiza,  110" 

Frame  7 

The  hish.  Limit  thermostat  "also  controls  the  cabin  relay  and  in  turn, 
controls  the  naxlnum  tempera tare  that  can  be  received. from  the  system.  This 
thermostat  acta  as  a  safety  factor  in  case  the  other  thermostats  fail. 

/ 


"•8  VOC 


There  is  no  heater  for  this  thermostat.     ^.t  is  located  in  the  air^con-- 
ditiojiing  duct  and  works  from  the  duct  tempera ti  ,    If  the  mercury 

reaches  the  400**  clontact  wire  the  relay  deonergl^ 

Fill  in  the  blanks  to  complete  the  following  otatemends . 

^he   temperature  tnat  can  be  received  from  t:he  system  is 

controlled  by  the  high  limit  thermostat. 

2.      The  cabin  relay  wil.T  be    when  the  rsercury  in^the  high 

limit  thermostat  is  ^elow  400**. 
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Answers  to  Frame  7:    1.    Kaximuxn    2.  Energized 

The  Duct  Anticipator  thermoetat  controls  both  the  More  Heat  and 
the  Less  Heat  relayer.    This  thermostat  is  in  the.  air  conditioning  duct 
uext  to  the  Hl^  Limit  t>herttoatat  and  works  off  the  air  temperature  in 
the  duct  and  a  heater.    The  heater  receives  power  from  the  bottom  contact 
of  the  Less  Heat  v^lay* 


When  the  mercury  is  below  the  380''  contact  wire, -the  Hove  He 'it  and  Less 
Heat  relays  will  be  energized. 

If  the  mercury  reaches  the  380°  contact  wire,  the  More  Heat  relay  will 
deenergize .    Remember,  current  will  follow  the  path  of  least  resistance. 
With  the  More  Heat  relay  deenergized,  the  circuit  going  t:.  the  Hot  side  of 
the  temperature  control  valve  is  opened.    The  valve  will  not  be  able  to  run 
any  further  towards  Hot.     (This  will  be  shown  completely  in  a  later  frame.) 

If  the  temperature  in  the  duct  continues  to  r-'.se,  the  mercury  will  rise 
with  it.    When  the  mercury  reaghes  the  W  contact  wire  the  Less  Heat  relay 
will  deenergize.    When  the  Less  Heat  relay  depnergizes  it  removes  current 
fro©  the  thermostat  heater  and  sends  current  co  the  Cool  side  of  the  tem- 
perature cor'-rol  valve.     (This  will  be  shown  completely  in  a  later  frame.) 
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Frame  8  Con*t 

Mark  the  following  statements  either  T  (true)  or  F  (false). 


1. 


2. 


The  more  &nd  less  heat  relays  control  the  Duct  Anticipator 
thermostat. 

When  the  less  heat  relay  is  deenergized,  current  will  be  removed 
from  the  qool  side  of  the  temperature  control  valve  and  sent  to 
the  heater  coil  on  the  Duct  Anticipator  thermostat. 


^^8 


I 


Answers  to  Frame  8:    i.         2«    F  * 

REVirW  E3CERCISE  //2  . 
Mark  each  of  the  following  statements  either  T  (true)'or  F  (false). 
!•  relays  control  merciiry  thermostat  operation. 

2.  All  of  the  thermostats  have  the  same  operating  temperature. 

3.    The  thermostats  help  maintain  a  desired  cabin  temperacure*, 

  The  heater  on  the  thermostat  causes  the  mercury  to  fall* 

^*  — — —        Duct  Anticipator  thermostat  controls  the  cabin  relay. 

"   When  energized,  the  more  heat  relay  will  allow  cuirent  to  flow 

to  the  hot  side  of  the  teiiq)erature  control  valve. 

e 

^'  — —  The  cabin  thermostat  controls  the  cabin  relay. 

8.   Curr^t  for  the  Cabin  thermostat  heater  is  supplied  by  the  cabin 

relay  and  the  rheostat. 

9.    The  less  heat  relay  will  deenergize  when  the  High  Limit  thermostat 

reaches  400*. 

10.    The  rheostat  varies  the  current  flow  -to  the  Ljct  Anticipator 

thermostat  heater. 

— —       controlling  the  cabin  relay  you  can  control  the  cabin 
temperature* 

12.    The  air  in  the  ducting  causes  the  mercury  in  the  High  Limit 

thermostat  to  rise  or  fall. 

13.    The  High  Limit  thermostat  acts  as  a  safety  factof . 

14.    The  High  Limit  thermostat  is  located  in  the  .cabin. 

Fill  in  the  blanks  tc  complete  the  following  statements. 

15.  The  relay "  that  make  up  the  control  box  are  the  ,   

  and    relays. 

16.  The  thermostats  that  are  used  to  control  the  temperature  control  system 

are  the   ,   and  

thermostats. 

17.  When  the  relay  deenergizes  current  goes  to  the  cool 

side  of  the  temperature  control  valve. 

18.  When  the  mercury  in  the  Duct  Anticipator  thermostat  reaches  the  400** 
contact  wire  the  «Dre  and  less  heat  relays  will  be   


Answers  to  Review  Exercise  2* 

1.  F 

2.  F 


3.  T 

4.  F 

5.  F 

6.  T 

7.  T 

8.  T 

9.  F 

10.  F 
11'.  T 

12.  T 

13.  T 

14.  F 


15.  Cabin,  More  heat,  less  heat 

16.  Cabin,  high'  limit,  duct  anticipator 

17.  Lass  heat 

18.  Deenergized 
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Now  we  ara  going  to  put  all  of  thase  individual  componencs  together  T 
and  operate  %  mercury  thermostat  automatic  temperature  control  systen.  Ask 
the  iaatructor  for  an  overlay  transparency.    Fold  all  of  the  sheets  back 
ut*tll  only  Sheet  1  is  Showing. 

Frame  9 

As  you  can  see»  Sheet  1  shows  the  components  of  the  system  with  a 
voltage  potential  at  the  circuit  breaker  and  at  Pin  "D"  of  the  upper 
connector  on  the  control  box. 

FOLD  OVER  SHEET  2 

Current  flows  from  the  circuit  breaker  through  Pin  "C"  on  the  upper 
connector  and  down  to  a  contact  point  on  the  cabin  relay* 

Current  al.no  flows  ^-.hrou^ai  R-3  and  then  can  go  in  1  of  2  directions: 

(1)  Up  to  energize  the  cabin  relay 

or 

(2)  Down  through  Pin  "A"  to  the  Hi^  Limit  thermostat  or  through 
Pin  '*D"  to  the  Cabin  thermostat. 

Since  the  mercury  in  these  thermostats  havejgt  yet  reached  the  contact 
wires  these  circuits  are  incomplete  and  the  cabin  relay  is  energized  as^ 
shown  • 

No  Response  Required 


ERLC 
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Frswie  10  * 

FOLD  OVER  SHEET  3 

Current  from  the  rheostat  flows  through  Pin  "G"  and  resistor  R-5  to 
point  A  in  the  control  box.    From  here  it  flows  down  and  out  Pin  "E"  to  the 
cabin  thermostat  heat^rf"*"^  ^  ^  ^ 

Since  the  cabin  relay  is  energized,  current  from  its  l^.ft  contact 
lever  flows  through  R-4  and  down  to  combine  with  the  current  from  the 
rheostit  and  flowe  to  the  cAbin  thermostat  heater. 

The  voltage  potential  at  Pin  'I)**  flows  across  the  right  contact  lever 
of    ae  cabin  relay  and  up  to  another  contact  point  which  will  be  shown  in  rhe 
next  frame.  ^ 

No  Response  Required 


/ 
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Frame  11 


FOLD  OVER  fflEET  4 


This*  sheet  shove  the  More  Heat  relay  circuit. 

Current  from  the  circuit  breaker  goes  from  point  B  in  the  control  box 
through  R-2  and  then  can  go  in  1  of  2  directions: 

(1)  Down  to  energize  the  More  Heat  relay. 

or  '  '  ^  (         . '  ^ 

-'  •  * 

(2)  Up  through  Pin        to  the  380'  contact  point- on  the  Duct  AnticJ.pator 
thermcwtat.  ^ 

Since  the  mercury  is  below  380'  the  circuit  to  the  chermoatat  is  open  and 
the  More  Heat  relay  is  energized  as  shown, 

V    Curreit  c«b  also  flow  from  point  B  to  the  More  Heat  relay  left  contact 
Icv^.    Since  this  relay  is  energized  current  flows  acT -»8s         contact  Uver 
^J^°  another  contact  pyint  whfch  will  be  shown  in  the  next  frame. 

Since  the  Cabin  relay  was  energized  back""  In  Frame  9 ,  we  also  have 
current  flowing  acrdWs  the  right  contact  lever  to  the  More  ^l|^Mk|iy«  '^is 
current  flows  out  Pin  "B"  un  the  upper  connector  and  out  to  PI^T^the 
temperature  control  valve.   /As  you  can  see,  with  both  the  Cabin  and  More 
Heat  relays  energized  this  ifralve  will  run  tSWitrd  HOT. 

No  Response  Required 


\ 

593  \ 
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i,  *  18/6  ' 

Frame  11      ,  f\y 

FOLD  OVER  SHEET  5.  .  ' 

# 

TMp  sheet  showr  the  Less  Heat  reldy"c1rrcuit. 

As  you  can  see»  the  Less  Heat  rel^y  receives  power  from  the  same  source 
that  is  usid  for  the  More  Heat  relay.    Current  flows  up  through  R-^1  and  can 
than  go  in  1  of  2  directions: 

(1)  Up  to  energize  the  Leas  H^t  relay. 

*  or  i 

,   ^  ^ 

(2)  Down  through  pin  "G"#o  the  400°  contact  wire  on  the  Duct  ^ 
Anticipator  thermostat. 

Since  the  mercury  is  still  below  380"*  this  circuit  is  incomplete  and  the 
Less  Heat  relay  is  energized  as  shown. 

Current  ha'?  been  supplied , from  the  More  Heat  relay  to  the  left'  contact, 
lever  of  the  Less  Heat  relay.    This  current  flows  across  the  contact  and  out 
Pin  "I"  to  the  duct  anticipator  heater.    The  heatert  and  the  aiif  temperature 
'    in  the  dupting,  begins  to  raise  tha  mercury  inside  the  thermostat. 

*  .  '  /  X 

At  this  point  there  is  no  curr/»nt  to  the'  Less  Heat  relay  right  contact 
l^ver.    As  the  circuit  is  set  up  so  far,  we  are  now  calling  5.or  and  receiving 
a  warner  air  temperature.  ^ 

(  • 

No  Response  Required 
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Frame  13  t. 
FOLD  ^ra^S^ET  6 

At  this  point  w«  are  receiving  warm  air  in  the  cabin.    To  make  jfure 
that  the  cabin  does  not  get  too  hot  the  pilot  or  flight  engineer  has  moved 
the  temperture  control  rheostat  toward  cool.    By  doing  this  the  resistance 
m  the  circuit  has  decreased.    Therefore  more  current  flows  through  the 
rheostat  and  Pin  ^'G'-'  to  point  A  and  down  and  out  Pf.n  "E"  to  the  cabin 
thermostat  heater.  - 

This  increased  current  applied  to  the  heater  wlU  generate  more  heat 
around  the  fheraostat.    When  the  mercury  reached  the  110'  wire,  all  of  the 
current  at  point  C  in  the  control  box  will  follow  the  path  of  lekst  resistance 
and  flow  down  and  out  Pin  "D"  through  the  cabin  thermostat  to  ground..  The 
cabin  relay  now  deenerglzes. 

With  the  cabin  relay  dS^energized  current  going  to  the  more  heat,  relay 
contact  has  stopped.    In  turn,  you  have  stopped  curtent  from  going  to  the  HOT 
^.alde  of  the  temperature  control  valve.    Therefore  the  vklve  will  stop  ond  the 
teaperature  will  not  increase. 

current  from  the  cabin  relay  will  now  flow  across  both  contact  levers 
up  to  the  contact  levers  on  the  less  heat^elay. 

No  Response  Required 


595 
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Frame,  14 

..FOLD  OVER  SHEET  7  *  ^ 

As  the  aercury  in  the  duct  anticipator  thermostat  rises  it  will  make 
contact  with  the  380^  wire.    At  this  time  the  more  heat  relay  deenergizes  . 
because  current  to  the  relay  follows  the  path  of  least  resistance  through 
thfe  thermostat  to  ground. 

With  the  more  heat  relay  deenergized  currjnt  will  be  taken  avay  from 
tha  less  heat  relay  contact. which  was  used  for  the  duct  anticipator  heater. 

FOLD  OVER  SHEET  8 

Current  is  still  being  applied  to  the  duct  anticipator  heater.    It  is 
supplied  through  the  less  heac^ relay  contact  from  the  deenergized  cabin  relay. 

The  mercury  in  the  thermostat  concinues  to  ris^  until  it  reaches  the 
4001  wire.    Now  the  less  heat  relay  deanergizes  because  current  to  the  relay 
follows  the  path  of  deast  resistance  through  the  thermostat  to  ground. 

With  this  relay  ^eenerg;^2ed  current  will  be  taken  away  from  the 
thermostat  heater.    From  the\rlght  contact  lever  it  will  fldw  out  Pin  "A" 
ta  Pin  A  on  the  temperature  cjjntrol  va^-ve.    The- valve  now  runs  COLD 
delivering  coolei^  air  to  the  cabin. 

No  Response  Required^ 

( 


\ 


\ 


/ 
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'Notice  that  the  mercury  In  the  hlg^  limit  thermoatat  haa  also  made 
contact  with  its  400**  wire.    Thia  is*  the  safety  factor  that  was  mentioned 
earlier  in  t^he  text. 

A  circuit  has  been  completed  through  the  mercury  to  ground.    This  is 
a  positive  way  to  restrict  the^  maylwwri  temperature  from  the  system.  By 
deenergizi^g  the  cabin  relaj^ylf  the  cabin  thermbstat  should  fai^,  taking 
poirer  away<rom^the  Ha:  side  of  the  taoperature  controU^lve. 

•       .  .    •  .     ^  X  \ 

No  Response  Required 


^5. 
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V  .      <  .  REVIEW  EXERCISE  #3 

Mark  "the  following  either  T  (true)  or  F  (false) . 

^*   The  same  current  that  energizes  the  cabin  relay  can  also  flow  to 

the  p«bin  thermostat.  ^ 

^*   '   The  current  for  the  control  bo3c  comes  from  2  different  sources. 

^    the  mercury  in  the  high  limit  thermostat  reaches ,>406*'  the  cabin 

relay  will  deanergize. 

  The  cabin  thermostat  heater  receives  current  from  the  temperature 

control  rheostat  only.  ^  ^  * 

w  , 

5-   The  mere  heat' relay  must  be  deenergized  before  the  less  heat  relay 

will  iieenerglze . 

 1_  The  temperature  control  vilve  will  not  run  towards  hot  if  either 

^  the  cabin  relay  or  the  :nore  heat  relay  were  deenergized. 

^*   The  samKcurraiit  that  energized  the  cabin  relay  will  not  energize 

the  more  hfew^  relay. 


 Current  that  flows  acr<3n^s  ihe' cabin  relay  and  R-A  combines  with 

the  current  that  tigws  from  the  rheostat  and  goes  to  the  cabin 
thennostat  heater. 

_^\.s/cabin  relay,  will  ^t  energize  unless  it  receives  a  full 
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If  the  TCrcury  in  the  duct  anticipator  thermostat  reacbes  380* 
the  temperature  control  valve  will  run  tows^rd  hot. 


 .The  more  heat  and  less  heat  relays  receive  current  from  the  same* 

power  soiirce. 

 The  more  h^t  relay  will^deenergize  when  the  duct  anticipator 

thermos  tat ''reaches  380°. 

^3.   The  cabin  relay  must  be  deienergized  before  the  control  valve  will 

run  toward  hot. 

-        '  • 

 The  high  limit  thermostat  will  deenergi:ge  the  cabin  relay  when  xhe 

mercury  reaches  110*. 

A 

JChe^^our  responses  on  the  answer  sfieet  at  the  back  of  the  text. 
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MERCURY  THERMOSTAT ^TEMPERATURE  .CONTROL  SYSTEM  REVIEW 
Match  the  description  in  Column  B  with  the  Itin  it  describes  in  Colium  A. 


1. 
2. 
3. 


Coluim  A 
Moie  Heet  relay 
Cabin  therxaoQtat 
Rheostat 
4«      Cabin  relay 

5.  Thermostat  heater 

6.  High  Limit  thermostat 

7.  Duct  Anticipator  thermostat 

8.  Less  Heat  relay 


Column  B 

A.  Controls  both  the  more  heat  and 
less  heat  relays. 

B.  Controls  amount  of  power  going  tc 
the  cabin  thermDStat  heater. 

C.  Raises  and  lofwers  the.  mercury  in 
the  high  limit  thermostat.^ 

When  energized,  this  relay 
directly  supplies  current  to  the 
^        hot  side  of  the  temperature 
\      control  valve. 

Helps  to  raise  the  mercury  inside 
the  thermostat  faster  than  normal. 

F.      A  safety  factor  that  will  de- 

an^rgize  the  cabin  relay  at  400"^. 

Controls  operation  of  the  Cabin 
relay . 

H.  When  energized »  this  relay 
supplies  current  to  a  contact 
lever  on  th^  more  heat  relay. 

I.  When  deenergized,  this  rel?" 
supplies  current  to  the  cold  side 
of  the  temperature  control  valve. 

Rifer  to  t'  »  overlay  transparency  to  answer  the  following  statements  as  either 
true  or  false. 

9.  If  the  temperature  in  the  cabin  reaches  110^ y  the  cabin  relay  will 
deenergize.  , 

10.  ,  As  temperature  around^|:he  duct  anticipator  thermostat  rises,  "the  less 

heat  relay  will  deenergize  before  the  more  heat  relay* 

11.  The  less  heat  relay  controls  current  to  the  cool  side  of  the  temperature 
control  valve. 
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Match  the  circled  number  in  the  above  schematic  with  the  item  listed  below. 

 ,Rhe08tat   ^Cabin  thermostat 

 ^Cabin  relay   ^Heater  coll 

 ^Less  He* it  relay 


_^Duct  Anticipator  thermostat 
_More  Heat  relay 


High  Limit  thermostat 


Check  your  responses  on  the  answer  sheet  at  the  back  of  the  text. 
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CORRECT  RKSPONSES 


Ilevlew  Exgrclaa  #3 


1. 
2. 
3. 
4. 
5. 
6. 
7. 


T 
T 
T 
P 
T 
T 
P 


8. 

9. 
10. 
11. 
12. 
13. 
14. 


T 
F 

V 

T 
T 
F 
P 


Mercury  Thermo«f  t  Temparacure  Control  System  Review 


1.  r 

2.  G 

3.  B 

4.  a 

5.  E 

6.  F 

1  Rheogtat 

2  Cabin  relay 


7. 

8. 

9. 
10. 
11. 


A 
I 
T 
F 
T 


_5      Duct  Anticipator  Thermostat 

_4  More  heat  relay 


_8      Cabin  thermostat 

_3      Heater  coil 

_5  less  heat  relay 

_6      High  limit  thermostat 
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CARGO  AIR  CX)NDITIOMING  SYSTEM  WIRING  DIAGRAM 


3350  TECHNICAL  TRAINING  WING 
3370  Technical  Training  Group 
Chanute  Air  Force  Base,  Illinois 


,  f 

DESIG%)  FOR  ATC  COUHSE  USE  

DO  NOT  U^E  (Xi  THE  JOB 


En\rLronmental/Pneudrauil'^a  Branch-  3ABR423il-WB-209 
Chanute  AFB,  Illlnolf 

CARGO  AIR  CONTXTIONING  SYSTEM  MIRING  DIAGRAM 

OBJECTIVE  ^ 

Using  the  cargo  aircraft  air  conditioning  system  wiring  diagram, 
identify  ©ight  causes  for  the  ten  electrical  ays tan  troubles. 


EQUIPMENT  ^ 

Col6'-^d  Pencil  Set 
3ABlUf.  ^31-WB-209 

PROCEDURE 

Figures  1  and  2  are  i>n  the  back  of  this  booklet.    The  circuits 
you  will  be  tracing  in  this  text  are  listed  in  the  lower  left  comer 
of  figure  1.    The  color  code  you  are  to  use  for  each  circuit  is  shown 
in  the  block  before  each  circuit      Follow  directions  carefully  and  do 
xll  the  steps.    Do  not  trace  ahead  of  what  you  have  read.    The  diagram 
used  in  this  project  is  the  same  diagram  you  will  use  on  the  cargo  air 
conditionin    system  trainer^  when  you  troub-leshoof  that  trainer.,  if 
you  do  not  unaerstand:  the  circuit  after  tracing >  check  with  your 
instructor. 

Note:    In  this  diagram  we  are  tracing  current  from  the  circuit 
breakers  to  the  components  ground.    This  is  vot  the  way  current 
flows,  but  it  is  the  easiest  because  of  so  m*\ny  ground  points 
in  the  diagram.    Remem&er  this  note  when  using  any  wiring 
diagram. 

* 

POWER  CIRCUIT 


Basis  of  Issue 
1  s^/student 
1/student 


1.  Use  your  RED  pencil  to  trace  this  circuit.    Current  flows 
from  the  28V  DC  temperature  control  circuit  breaker  over  wire  2H200A20 
to  pin  N  of  bulkhead  connector  #2.    I-  continues  on  wire  2H200B20  to 
the  pole  of  the  master  air  conditioning  switch. 

2.  This  is  the  systenr  power  circuit.    All  power  for  automatic 
and  manual  temperature  control  comes  from  this  wire.  « 

Mote:    You  will  trace  circuits  for  the  following  functions  of 
the  air  conditioning  system*    Manual  Warm  with  GTC,  Manual 
Cool  in  Air  Conditioner  and  Pressure  Position,  Automatic  Warm, 
and  Automatic  Cool.    Eveir  though  current  is  distributed  over 
numerous  other  circuits,  o%iy  those  circuits  required  for  a 
partlciilar  function  will  b^  traced. 

Supersedes  3A3R42231<-WB->20B,  5  June  1974. 
OPR:    3370  TTG 
DISTRIBUTION:  X 

3370  TTGTC  -  600;    TTVSR  -  1 
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MANUAL  WARM  WITH  GTC 


1.  Use  your  BLUE  pencil  to  trace  this  circuit.    First,  draw  the 
master  air  conditioning  witch  contact  lever  to  the  air  conditioning 
GTC  position. 

2.  Current  flows  ov;er  wire  2H201D20  to  pin  M  on  bulkhead  connector 
#2.    Current  flows  out  p-n  M  on  wire  2H201E20  and  over  to  terminal  #1 

on  terminal  strip  ^2. 

3.  It  leaves  terminal  #1  on  two  wires.    Current  flows  over  wire 
2H201G20  r.o  pin  A  on  the  cabin  thermostat  blower.    Then  current  flows 
out  pin  B  on  wire  2H207AJ20N  to  ground.    The  blower  now  operates. 

4.  Go  back  to  terminal  #1.    Current  also  flows  over  wire  2H201F20 
to  pin  C  on  the  control  &ox  electrical  connector  i^l. 

5.  It  flows  from  pin  £  to. point  A  inside  the  temperature  control 
box.    Hete  current  flows  in  two  directions* 

6.  Fir^t,  it  flows  to  point  B  where  it  flows  in  many  directions 
again.    Current  continues  to  pole  XI  on  the  more  heat  relay.    The  relay 
is  not  energized  yet,  so  current  flow  stons  at  this  point. 

7.  Going  back  to  point  B,  current  flows  through  both  Rl  and  R2 
to  energize  both  the  moie  heat  and  less  heat  relays. 

8.  Because  we  are  concerned  with  the  more  heat  relay,  draw  the 
contact  levers  on  XI  and  X2  to  the  energized  position  (contacts  1  ai^  3). 
This  is  as  far  as  we  will  go  for^jiow. 

9.  Going  back  to  point  A,  current  flows  to  point  C  and  out  to 
pin  F  of  the  control  box  electrical  connector  #1. 

10.      It  leaves  pin  F  on  wire  2H202A20  and  flows  to  terminal  ^2  on 
tenflinal  strip  #2.    Frot>  here  it  flow*  over  wire  2H202B20  to  pin  H  on 
bulkhead  connector  #2. 

11 ♦  Current  flows  to  the  temperature  control  switch  on  wire 
2H202C20.  Draw  the  temperature  control  switch  to  the  manual  warm 
position. 

12.  Now  current  flows  over  wire  2H203C20  to  pin  G  on  bulkhead 
connector  #2.    It  leaves  pin  G  on  wire  2H203B20  and  flows  to  terminal 
#5  on  terminal  atrip  #2.    Current  flows  from  terminal  #5  on  vire 
2H203A20  to  pin  E  on  the  control  box  electrical  connector  #1. 

13.  Current  flews  inside  the  control  box  to  X2  of  the  more  heat 
relay.    We  are  tracing  only  necessary  circuits  so  we  will  not  tap  off 
current  from  this  wire.    The  more  heat  relay  is  energized  so  current 
flows  from  X2,  c^er  contact  3,  and  out  pin  B^  on  the  control  box 
electrical  connector  #1. 


14.      It  leaves  pin  B  oa  wire  2H212A20  and  flows  to  pin  B  on  the 
temperature  control  valve.    Current  flows  through  the  valve  motor  and 
out  ptn  C  on  wire  2H214A20N  to  ground.    The  temperature  control  valve  now 
runs  to  warn,  which  was  your  selection* 

MANUAL  COOL  IN  AIR  CONDITIONER  AND  PRESSURE  POSITION 

1.  Again  we  are  going  to  trace  only  the  necessary  circuxts.  Use 
your  GREEN  pencil  to  trace  this  circuit. 

2.  First^rw  the  master  switch  to  the  air  conditioner  and  press 
position.    All  xhe  air  condition  poeitions  of  the  master  switch  go  to 
the  same  wire  so  this  is  the  last  time  you  will  change  posl  "tions  on  the 
master  switch. 

3.  Current  flows  from  the  master  switch  on  wire  2H201D20  to 
pin  M  on  bulkhead  connectoi:  #2.    From  here  it  flows  over  wire  2H201E20 
tc  terminal  #1  on  terminal  strip  #2. 

4.  Again  current  flows  over  wire  2H201G20  to  run  the  cabin 
thermostat  blower.    It  also  flows  over  wire  2H201F20  to  pin  C  on  the 
#1  electrical  connector. 

5.  Current  continues  to  point  A  inside  the  control  box  and  then 
to  point  C.    From  point  C  it  flows  to  pin  F  on  the  #1  electrical  con- 
nector and  out  on  wire  2H202A20  to  terMnal  #2  of  terminal  strip  #2* 

6.  Current  leaves  terminal  #2  on  wire  2H202B20  and  flows  to 
pin  H  on  bulkhead  connector  #2, 

7.  l€  leaves  c^.  wire  2H202C20  and  flows  to  the  temperature 
control  switch  pole.    You  want  manual  cool,  so  current  flows  to  the 
cool  contact,  and  over  wire  2H213C20  to  pin  C  on  bulkhead  connector 
#2. 

.  8.  Here,  it  leaves  on  wire  2H213B20  and  flows  to  ten^inal  #6 
on  terminal  strip  #2.  Cui.rent  leaves  terminal  #6  on  two  wires,  but 
the  one  we  are  concerned  with  is  wire  2H213D20. 

9.      Current  flows  over  wire  2H213D20  to  pin  A  on  the  temperature 
control  valve.    It  continues  through  the  valve  mutor  and  out  pin  C  on 
wire  2H214A20N  to  ground.    The  temperature  control  valve  now  runs  toward 
cool  which  is  what  you  selected. 

SOS 


AUTOMATIC  WARM 

^  Note:    Th%  temperature  selector  does  not  directly  control  the 
temperature  control  valve's  operation.    Inste&d,  it  controls 
the  amount  of  current  going  to  the  mercury  thermostat  heater. 
Th^.a  thermostat,  in  turn,  controls  the  cabin  relay  which 
controls  the  temperature  control  valve's  operation.    As  you 
go  through  this  circuit,  you  will  see  how  this  is  done. 

1.      Use  your  BLAC^  pencil  to  trace  this  circuit.    The  master  switch 
is  still  in  the  air  conditioner  and  pressure  position,  so  current  flows 
over  wire  2H201D20  to  pin  M  on  bulkhead  connector  ^2. 

1.      Current  leaves  pin  M  on  wire  2H201E20  and  flows  to  terminal  iH 
on  terminal  strip  #2.    Again  current  flows  to  the  blower  which  causes' 
it  to  operate. 

3.  Current  also  leaves  terminal  #1  on  wire  2H201F20  and  flows 
to  pin  ^  on  tRe  temperature  control  Box  il  electrical  connector. 

4.  ?rom  here  it  flows  to  point  A  inside  the  control  box  where  it 
^11  flow  in  two  directions. 

5.  First,  trace  the  current  up  to  point  B.    At  this  point  you 
want  current  to  f lov  through  Rl  and  R2  to  energize  the  more  heat  and  less 
heat  relays.    Current  also  flows  over  both  ^ap-off  wires  and  out  pins  H 
and  G  on  the  #1  electrical  connector  to  the  anticipator  thermostat. 

Here  current  flow  stopsr 

6.  Now,  let's  go  back  to  point  A.    Current  flows  from  here 
throu^  point  C,  ^own  to  point  0.    Here  again  current  flows  in  two 
directions. 

7.  For  now  current  flows  from  point  D  to  point  E,  through  R3  to 
point  F.    Remeod>er;  we  are  tracing  only  necessary  circuits. 

8.  At  point  F,  current  flows  in  two  directions.    It  flows  up  to 
energize  the  cabin  re^ay  and  down  to  point  G.    From  point  G  current  goes 
in  two  directions. 

9.  First,  it  flows  down  and  out  pi^.  D  on  //2  electrical  connector 
and  over  to  pin  jC  on  the  control  thermostat.    Current  flow  stops  at 
this  point  for  now.  * 

10.  Going  back  to  point  G,  current  elso  flows  out  pin  A  on  tl 
electrical  connector  to  pin  £  on  the  high  limit  tlfermostat.  Here 
current  flow  stops  again  for  the  time  being.    You  now  have  all  thret^ 
relays  energized,-       draw  tlie  contact  levers  to  the  energized  position. 

11.  Going  back  to  point  C,  current  flows  from  poirt  C  to  point  F 
on  electrical  connector  #1.    From  here  it  ^lows  over  wire  2H202A20  to 
terminal  #2  oi^  terminal  strip  #2. 
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12.  Firoo  I  ere  it  flows  on^wire  2H202B20  to  pin  H  on  the  bulkhead 
connector  #2.    Currcrt  leaves  pin  k  on  wire  2H202C20  and  flows  to  the 
temperature  control  switch,  which  Is  in  the  automatic  position, 

13.  Current  now  flowt  over  wire  2H204C20  to  pin  F  on  bulkhead 
connector  #2.    From  pifeX  it  flows  over  wire  2H204B20  to  terminal  #7 
on  terminal  strip  #2.  -^5?^ent  leaves  terminal  #7  on  wire  2H204A20  and 
flows  to  pin  D  on  elect«cal  connector  #2; 


14.  From  here  it  flows  inside  the  control  box  and  comes  to  X2  on 
the  cabin  relay.    Since  the  relay  ia  energized,  curxent  continues  to 
contact  10  and  up  to  point  J, 

15.  From  point  J,  current  flows  to  X2  on  tha  more  heat  relay. 
This  relay  ia  also  energiased,  so  current  flows  over  contact  3  and  out 
to  pin     on  electrical  connector  #1. 

16.  It  leaves  pin  B  on  wire  2H212A20  and  flows  to  pin  B  on  the 
temperature  control  valve.    Current  cortinues  through  the  valve  motor 
and  out  to  ground.    This  causes  the  valve  to  nin  toward  Hot.  To 
determine  how  far  the  valve  runs  toward  hot,  go  back  to  point  D  inside 
the  temperature  control  box. 

17.  Current  continues  down  from  point  D  and  out  to  pin  F^  on 
electrical  connector  #2.    It  leaves  pin  F  on  wire  2H206A20  and  flows 

.  to  terminal  #3  on  terminal  striy  #2.-^ 

18.  It  leaves  terminal  #3  on  wdre  2H206i>20  and  flows  t:o  pin  K  on 
bulkhead  connector  #2.    From  here  current  flows  over  wire  2H206C20  to 
the  temperature  selector.  -  ^ 

19.  The  temperature  selector  is  toward  the  warm  position  so  this 
puts  more  resistance  into  the  circuit.    This  resistance  causes  a  voltage 
drop  as  currenf  flows  throu^  the  selector.    This  current,  at  the 
reduced  voltage,  comes  out  wlia,  2H205C20  to  pin  J  or*  bulkhead 
connector  #2. 

20.  It  leaves  pin  J  on  wire  2H205B20  and  flows  to  terminal  H  on 
terminal  strip  f2.    Current  leaves  tenK'^nal  #4  on  wire  2H205A20  and 
flows  to  pin  G  on  the  control  box  electrical  connector  v?. 

21.  F^p  pin  G  current  flows  inside  the  control  box,  over  R5, 
and  to'poinl^,    vfom  point  H,  it  flows  out  pin  E  on  electrical  con- 
nector #2.  ^ 

22.  Current  flows  from,  pin  E  on  wire  2H219A20  to  pin  B  on  the 
control  thenaostat.    This  current  flows  through  the  thermostat  h^ter 
and  out  to  ground.    This  heats  the  mercury  inside  the  thermos  tat 
causes  it  to  rise.    As  the  mercury  rises,  it  Jiakes  contact  with  the 
110*  wire  from  pin  C  on  the  thermostat. 

23.  The  potential  on  this  wire  is  then  grounded  to.  the  thermostat 
heater  ground.    The  voltage  that  energized  the  cabin  relay  now  has  a 
path  of  leas  resistanc€L  to  follow  so  the  cabin  relay  deenergifes. 
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24,  With  this  relay  ^energized,  you  lose  power  at  conCact  10  and 
also  to  the  hot  side  of  the  temperature  control  valve.    Now  the  valve 
stops  operating. 

25.  You  have  controlled  the  movement  of  the  temperatur*  control 
valve  by  controlling  the  amount  of  voltage  going  to  the  thermostat 
heater.    If  taore  voltage  had  been  applied  to  the  heater,  the  running 
time  of  the  valve^^^ard  hot  would  have  been  much  shorter; 

In  the  next  and  last  circuit,  we  will  continue  from  where  you 
are  now  and  see  how  this  systum  Vill  call  for  a  cool  temperature. 

AUTOMATIC  COOL 

Note:    Use  your  PIRPLE  pencil  to  trace  this  circuit.    If  the 
temperature  selector  were  set  to  cool,  this  would  increase 
the  amount  of  voltage  going  to  the  control  thermostat 
heater,  ^and.  In  turn,  would  deenergize  the  cabin  relay  much 
.  faster.    With  this  in  mind,  we  will  continue*with  Auto-Cool 

1.      Start  with  current  flow  at  point  B  inside  the  control  box. 
Current  flows  from  point  B  to  XI  on'  the  mcJre  heat  relay.    This  relay 
is  St  ^1  energized,  so  current  flows  from  XI  to  contact  #1  and  over 
to  the  less  heat  relay. 

1.      It  then  flows  from  XI  on  the  less  heat  relay  and  since  the 
relay  is  still  epergized,  over  to  contact  #5.  | 

3.      Frofa  here  current  flows  to  pin  I^  on  electrical  connector  #1. 
It  then  continues  from  pin  1  on  wire  2F^08A20  to  pin  B  on  the  antici- 
oator  thermostat.    Current  continues  through  the  thermostat  h*».ater  and 
out  to  ground  making  a  complete  circuit. 

I 

H.      This  heater,  along  with  duct  temperature,  starts  the  mercury 

rising  inside  the  thermostat.    While  the  mercuty  is  rising,  current  is 

flowing  from  point  E,  inside  the  control  box,  to  XI  of  the  cabih  relay. 

This  relay  is  deenergized,  so  current  flows  from  XI  to  contact  #11  and 
over  to  42  on  the  less  heat  relay.    At  this,  time  the'curtent  cannot  - 
continue  because  the  less  heat  relay  is  energized. 

5.  By  now  the  mercury  in  the  anticipator  thermostat  has  risen 
enough  to  make  contact  with  the  potential  at  the  380*  wire.    This  now 
completes  a  circuit  through  the  mercury  and  heater  ground  wire.  This 
deenergizes  the  more  heat  relay.    Now  power  is  removed  from  the  hot 
side  ii  the  temperature  control  valve. 

6,  Ihe  heater  on  the  anricipatoj  thermostat,  is  still  in  operation, 
so  the  mervwTT  rises  until  it  comes  in  contact  with  the  400*  wii:e.  Now 
the  less  heat  relay  will  deenergize.    The  current  at  X2  on  the  less  heat 
relay  will  flow  over  contact  H  and  oqt  to  pin  A  of  electrical  connector 
91.    From  here  it  flow?i  aver  wir^  2H213A20  to  terminal  #6  on  terminal 
strip  #2,  and  then  over  wire  2H213D20  to  pin  A  of  the  temperature  con- 
trol valve.    Current  continues  through  the  vaive. motor  and  out  to  ground. 
The  circuit  is  now  completed  and  the  valve  will  run  toward  the  cool 
position. 

7 
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7.      You  have  now  completed  the  tracing  of  n»rcury  thermostat 
temperature  control  syotaa.    If  there  Is  some  «irea  you  feel  you  do^ 
not  understand,  ask  your  instructor  for  assistance. 

Use  figure  #2  to  answer  the  following  questions.    Figure  #2  has 
nuBber»  placed  on  it  representing  a  system  trouble.    You  are  to  select 
the  n«»ber  that  would  cause  the  trouble  described  in  the  discrepancy 
and  draw  a  circle  around  your  answer. 

1.  The  temperature  control  valve  is  inoperative  lii  auto  and 
manual* 

a.  1 

b.  2 

c.  4 

d.  3 

2.  The  teiBperature  contrdl  valve  is  inoperative  in  automatic 
and  manual  warm.    Automatic  and  manual  cold  operate  normally. 

a.  3 

b.  6 

c.  7 

d.  8 

3.  Tfie  temperature  control  valv«  is  inoperative  in  manual  cool 
selection. 

a.  2  y 

b.  5 

c.  8  ' 

d.  1 

4.  Th%  temperature  control  valve  will  not  operate  to  the  cold 
position  when  automatic  cool  is  selected. 

a.  1 

b.  4 

c.  2 

d.  3.  , 

5.  No  automatic  control  of  tl\e  temperature  control  vti.ve.'  Manual 
selections  operate  trormally. 

a.  2 

b.  3 


c.  7        •  "fc- 

d.  10  *i 
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6,  The  CenperaCure  concrol.  valve  will  not  operate  in  manual  waxrm. 

a.  -  4 

b.  5 

c.  8 

d.  9  . 

7.  'The  temperature  control  valve  goes  full^ld  In  automatic. 

a.  1 

b.  4 

c.  5 

d.  6  - 

^         8.      Automatic  cool  is  inoperative,  automatic  warm  operatss 
formally . 

a.  2 

•  b,  3  • 

c.  7 

d.  4 

9.      The  temperature  control  valve  goes  full  ho't  in  automatic. 

a.  I 

b.  4 

c.  5 

d.  6  ^ 

10.      Tne  temperature  control  valve  is  inoperative  in  auto  and 
manual. 

a.  3 

b.  6 

c.  9  ' 

d.  11 

You  have  not  been  provided  with  the  correct  responses  for  these 
quescloos.    Take  your  cext  to  the  instructor  and  he  will  c;heck  your 
answers  for  correctness.    Rework  those  proljlems  you  have  not  solved  ' 
correctly. 
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Envlronmantal  Pneudraulics  Branch  3ABR42331-WB-209A 
Chanute  AFE,  Illinois 

OBJECTIVES 

'  1.      Perform  an  operational  check  on  the  flight  deck  or  cargo 
compartment  a**    cendltioning  system. 

2.  Troubleshoot  the  flight-deck  or  cargo  compartment  air  conditioning 
•system  using  the  AN/PSM-37  multime^  r  and  wiring  diagram,  correctly  locating 
5  out  of  7  troubles.  ^ 

EQUIPMENT 

Basis  of  Issue 

Trainer  3021  Cargo  Air  Conditioning  System  1/student 
Multimeter  AN/PSM-37  1/student 

PROCEDURE 

R^««ve  all  ot  your  jewelry.    Report  to  the  lab  instructor  and  inform 
him ^^iChe  lesson  on  which  vo    are  working.    The  lab  instructor  will  assign 
you  to  a  trainer  and  provide  the  necessary  materials . 

This  workbook  is  presented  in  two  sections.    Section  lA  and  IB  are  to 
familiarize  you  with  the  components  of  the  flight  decK  or  cargo  compartment 
air  conditioning  systems  and  to  prepare  you  for  performing  the  operational 
check  and  troubleshooting.    Section  X^^^ntains  the  steps  for  operational 
checking  these  systems  and  the  malfunctions  tha^  you  are  to -troubleshoot . 
Perform  each  step  as  directed  on  the  following  pages. 

NOTE:    You  will  be  assigned  to  perform  this  lesson  either  on  the  flight 
.deck  system  or  on  the  cargo  compartment  system.    Check  the  name 
of  the  trainer  you  are  assigned  to.    If  you  are  assigned  to  a 
flight  deck  system^  start  with  section  lA.    If  you  are  assigned 
to  a  cargo  compartment  system,  start  with  section  IB. 


Supersedes  3ABR42331-WB-208A,  2  January  1973.. 
OPR:    3370  TTG 
DISTRIBUTION:  X 

3i70  TTGTC  -  600;  TT7SR  -  1 
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SECTION  iA.     FLIGHT  DECK  AIR  CONDITIONING  SYSTEM  COMPONENTS 


my 


Figure  1. 

1.      Location  and  identification  of  system  components. 

a.      Using  the  trainer  and  the  illustrations  in  figure  1,  locate  each  of 
the  numbered  items.    Write  the  name  of  each  of  these  nianbered  items  in  the 
blank  spaces  below. 

(1)  


(2) 
(3) 
(4) 
(5) 
C6) 
(7) 


COMPARE' YOUR  ANSWERS  TO  THOSE  ON  PAGE  5. 
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Figure  2. 

b.      Using  thfe  trainer  and  the  illustrat:' on  in  figure  2,  locate 
each  of  the  numi'er*d  liems.    Write  the  name  of  each  of  these  numbered 
items  in  the  blank  spaces  below 

(1)  

(2)  

(3)  

COMPARE  YOUR  ANSWERS  TO  THOSE  ON  PAGE  5. 
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Answers  to  location  and  identification  Section  lA,  para  la. 

(1)  Temperature  Control  Valve. 

(2)  Temperature  Control  Box. 

(3)  Duct  Anticipator  Thermostat, 

(4)  Hi-Limit  Thermostat. 

(5)  Cabin  Thermostat. 

(6)  Cabin  Thermostat  Blower. 

(7)  Aux  Vent  Val\re. 

Answers  to  locations  and  identification  Section  lA,  para  lb. 

(1)  Air  Conditioning  Master  Switch. 

(2)  Temperature  Control  Switch* 

(3)  Temperature  Selector. 

After  comparing  your  answers,  turn  to  page  8,  para  2.  ' 


SIS 


Figure  3. 

SECTION  IB.     CARGO  COMPARTMENT  AIR  CONDITIONING  SYSTEM  COMPONENTS 

1.      Location  and  identification  of  system  components. 

a.      Using  the  trainer  and  the  illustrations  in  figure  3,  locate 
aach  pf  the  numbered  items.    Write  the  name  of  each  of  these  numbered  items 
in  the  blank  spaces  below. 


(1) 
(2) 
(3) 
(4) 


(5) 
(6) 
(7) 
(8) 


COMPARE  YOUR  ANSWERS  TO  THOSE  ON  PAGE  10, 


CJ'^L  'A' arm 
CA«GO  COMPT 
TEMP 


Figure  4« 

b.      Using  the  tra-^ntr  and  the  illustration  in  figure  4,  locate 
each  of  the  ^tramirered  itema.    Write  the  name  of  each  of  these  numbered 
items  ii>  the  blank  spaces  below* 


(1) 

(2) 
(3) 


COMPARE  YOUR  ANSWERS  TO  THOSE  ON  PAGE  10. 
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2.  Trainer  preparation  for  the  operational  check  and  troubleshooting 
of  the  flight  deck  and  cargo  compartment  air  conditioning  system. 

a.    , Place  all  trouble  switches  to  the  OUT  position.  These 
switches  are  located  at  the  left  side  of  the  trainer, 

b*      Make  sure  all  circuit  breakers  are  pushed  in. 

c.  Place  the  following,  switches  to  the  NORMAL  positions  ae 
listed  below. 

(1)  Air  Conditioning  Master  Switch   .  .OFF 

(2)  Temperature  Selector,  ./C  COOL 

(3>    Temperature  Control  S;«.tch  *  .   .  .OFF 

d.  Place  the  trainer  powet^  switcV  to  the  ON  position.  This 
switch  is  located  on  the  upper  left  side  of  the  trainer* 

3.  Trainer  operation  for  the  flight  deck  and  cargo  compartment  air 
conditioning  system » 

a.      During  the  following  steps  you  will  operate  each  component 
on  either  the  flight  deck  or  cargo  compartment  air  conditioning  trainer. 
Whan  a  switch  is  actuated  be  sure  to  notice  which  valves  operate *and 
the  valve  position.    Actuate  each  switch  as  directed.    From  your  observation 
of  the  trainer  operation  complete  each  statement  by  circling  the  correct 
word. 

Step  1.    Air  Conditioning  System  Operation. 

(1)  Place  the  air  conditioning  master  svitch  in  the 
air  cond  -  GTC  position. 

(a)  Cabin  thermostat  blower  rune  (yec  /  no) . 

(b)  Aux  vent  valve  (open  /  close). 

(2)  If  the  components  failed  to  operate,  it  indicates  a 
defective  component  or  an  open  electrical  circuit. 

Step  2.    Temperature  control  system:  .Manual  Operation 

(1)  Place  the  temperature  control  switch  to  Manual  Cool. 
The  temperatare  control  valve  moves  toward  (hot  /  cold) . 

(2)  Place  the  temperature  control  switch  to  Manual  Warm. 
The  temperature  control  valve  pulses  toward  (hot  /  cold). 

Step  3.    Temperature  control  system:    Automatic  Operation, 


(1)  Place  fhe  teaaperature  control  switch  to  the  AUTOMATIC 
poeltion,  then  rotate  the  temperature  selector  ""toward  WARM>    The  temperature 
control  valve  pulses  toward  (hot  /  cold), 

(2)  Rotate  the  temperature  selector  toward  COOL,  The 
temperature  control  valve  pulses  toward  (hot  /  cold) • 

Step  4.    Aux  Vent  System  Operation: 

(1)    Place  the  master  air  cond  switch  to  aux  vent  position. 

(a)  Aux  vent  valve  (opens  /  doses). 

(b)  Cabin  thermostat  blower  runs  (yes  /  no)  • 

(c)  Will  the  Auto  and  Manual  temperature  control 

operate  (yes  /no). 

Step  5.    Return  all  switches  to  the  NORMAL  position  as  indicated 
in  paragraph  2c  page  7  and  place  trainer  power  to  OFF. 

COMPARE  YOUR  ANSWERS  TO  THOSE  ON  PAGE  10. 
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ka^ff^      ISF^^tion  and  identification  Saction  IB,  para  la« 
(1)    Tamperaturi  Control  val\ 

/  * 

/  (2)    Tejq)aratura  Control  Box. 

^  ^  (3)    Duct  Anticipator  Tharmoitat. 

(4)  Hl-Linit  Thermostat. 

(5)  Cabin  Thermostat* 

(6)  Cabin  Thermostat  Blower. 

(7)  Auac  Vent  Valve\ 

(8)  Floor  Heat  Diverter  Valve,  * 
Answers  to  locations  and  identification  Sect  IB,  para  lb. 

(1)  Air  Conditioning  Master  Switch. 

(2)  Teaip2ratur«  Control  Swltiph. 

(3)  Tsmperaturt  Selector. 

Answers  to  the  trainer  operation  stat&aents  in  Sect  IB,  para  3a. 

Step  1.      (1)    (a)    YES  Step  3.      (1)  HOT 

(b)    aOSED  (2)  COLD 

Step  2.      (1)    COLD  -  Step  4.      (1)    (a)  OPENS 

(2)    HOT  (b)  NO 

(c)  NO 

If  all  of  your  answers  agree  with  the  answers  above,  you  are  ready 
to  begin  troubleshooting.    If  they  do  not  agree,  tell  the  lab  instructor 
you  need  assistance. 
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.   SECTION  2.    FLIGHT  DECK  AND  CARGO  COMPARTMENT  AIR  CONDITIONING  SYSTEM 
OPERATIONAL  CHECK  AND  TROL^LE SHOOTING 

OPERATIONAL  CHECKt 

1.  Thfii  iteps  chat  you  par formed  in  patajraph  3a,  of  sectipn  IB 
involved  operating  each  component  in  the  flight  deck  or  cargo  compartii»nt 
air  conditioning  system.    Thaae  steps  are  used  to  determine  if  each  component 
ia  operating  properly  and  they  are  called  opar^tional  checks, 

2.  The  chart  belov  lists  step  by  step  procedures  for  performing 
oper.^tional  checks  of  the  system.    To  insure  that  you  are  familiar  with 
this  procedure,  turn  tb*  tral^-r  power  ON  and  perform  each  of  the  steps. 
Alter  you  are  sure  you  understand  the  operational  check  procedure,  then 
continue  to  the  troubleshooting  part  of  this  3c!»8on,    You  will  be  required 
to  perform  a  complete  operational  check  for  each  trouble. 

Note:    This  chart  is  provided  only  as  a  guide  for  learning  the  ^ 
operational  check  procedure.  ^ 


POSITIONING  THE  CONTROL  DEVICES 

OPERATING  COMPONENT 

COMPONENT  OPERATION 

Place  the  air  cond  master  switch 
to  the  air  cond-GTC  position 

Cabin  thermostat 
Blower 

Operates 

Place  the  Temp  Control  switch 

to  MANUAL  COOL.  ' 

^Sk^P  Control  Valvfe 

Huns  Toward  Cool 

Place  the  Temp  Control  switch 
to  MANUAL  WARM. 

Temp  Control  Valve 

Pulses  toward  HOT 

Place  the  Temp  Control  switch 
to  AUTO 

Rotate  the  Temp  Selector  to 
COOL. 

Temp  Controli&^v^ 

Pulses  toward  COOL 

Rotate  the  Temp  Selector  to  HOT. 

Temp  Control  Valve 

Pulses  coward  HO" 

Place  the  Air  Cond  Master  switch 
to  AUX  Vent. 

Cabin  Thermostat 
Blower 

Aox  Vent  Valve 

No  Operation 
Opens 

Place  the  Temp  Control  switch4to  - 
any  position. 

Temp  Control  Valve 

No  Operation 

Place  the  Air  Cond  Master 
Switch  to  Air  Cond  -  GXC 
position. 

Cabin  Thermostat  Blower 
Aux  Vent  Valve 

f 

Operates 

Closes 

Place  the  Tamp  Contjjol  Switch 
to  any  position.  / 

-  - '-/-  

Temp  Control  Valve  ' 

Will  Operate  j 

(  Operational  Check  Procedure  Chart 

i 
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TltoUBLESHOOTlNG 

1«      For  each  trouble »  perform  an  speratlonal  check  to  determine  the 
tnelfunctlonlng  component*    After  you  determine  the  malfunction,  then  place 
a  statement  la  the  **dli»crepancy"  block  of  the  attached  troubleshooting 
'anaver  sheet  that  describee  the  malfunction. 

Z*'    Using  a  waxed  pencil^  trtce  the  electrical  circuits  th^t  Iperate 
or  controls  the  malfunctioning  component. 

3.  Use  the  multimeter  to  locate  the  cause  of  the  trouble* 

Note:    When  measuring  voltage,  be  sure  the  meter  is  set  to  the  correct 
voltage  raoge-    Hake  sure  that  you  have  the  negative  (Black)  lead  to 
ground*    Ground  on  the  trainer  is  located  on  the  center  left  of  the 
trainee    When  checking  the  manual  temperature  control  system,  be  sure 
to  hold  the  temperature  control  switch  tc  either  HOT  or  COLD.  When 
measuring  resistance,  be  sure  the  trainer  power  is  OFF  and  the  meter  is 
set  in  OHMS.    Use  the  OHM  portion  of  the  multimeter  only  to  check  the 
system  when  it  is  Isolated  from  the  rest  of  the  circuit. 

4.  Record  the  cause  of  the  trouble  in  the  cause  block  on  the 
troubleshooting  answer  sheet* 

5.  The  trouble  switch  that  you  are  to  use  for  each  problem  is  listed 
on  the  top  line  of  the  discrepancy  bl^ck.  There  are  10  problems  ior  you  to 
troubleshopt .  We  will  go  through  the  first  one  with  you  to  show  you  how  to 
arrive  at  the  correct  answer*  . 

a.  If  you  are  assigned  to  tWe  Flight  Deck  Air  Conditioning  System, 
place  trouble  switch  number  10  to  the  IN  position. 

b.  If  you  are  assigned  to  the  Cargo  Compartment  Air  Conditioning 
System,  place  trouble  switch  number  1  to  the  IN  position* 

c»      Perform  an  operational  check  (use  the  operational  check 
procedures  chart.) 

'  d.      As  you  went  through  the  operational  check  you  found  that  the 

Temperature  Control  val^^e  will  not  move  to  the  HOT  position  in  Auto  and 
Manual  position.    Make  the  following  statement  in  the  discrepancy  block  of 
the  tToubleshooting  answer  sheet. 

**No  control  of  the  Temp  Control  Valve  in  Auto  and  Manual  Hot.** 
AUTOMATIC  HOT 

1.  Since  the  tamperature  control  valve  will  nor  -^^erate  in  Auto  and 
Manual  Hot,  the  trouble  must  be  in  a  wire  or  component  that  is  common  to 
both  the  aatomatic  and  manual  operation.    What  part  of  ^-he  circuit  would 
affect  the  Auto  and  Manual  operation?. .To  determine  ♦inls  let*s  trace 
the  circuits. 

2.  Trace  the  automatic  hot  operation;  using  a  ^^easc^ pencil, 

start  ♦"^Swiiag  the  electrical  circuit  at  the  28V  DC  circuit  breaker.  Follow 

62fj 


the  circuit  to  the  bulkhead  connector  humber  2  at  point  "N"  to  the  Master 
Air  Conditioning  Switch.  iastet 

3.  Now  dra\>  the  master  switch  in  "Ground  Air  Cond  GTC"  position. 
Trace  through  the  switch  to  bulkhead  connector  //2  at  point  "M."  Now 
proceed  to  terminal  strip  n  at  pin  if"l."    You  will  notice  that  there 
are  two  electrical  wires  at^this  point;  trace  the  one  going  to  the 
control  box  electrical  connector  »1  at  pin  "C".    Then  trace  to  point 

Inside  the  temp  control  box  and  through  resistor  R-2  to  the  no re  heat  ' 
relay  coll.    Energizing  the  more  heat  Velay  mqvlng  the  contacts  X-1  and 
X-2  to  the  left.  .  , 

4.  Return -to  point  "A"  inside  the  temp  control  ^ox.    Now  trace  from 
point  -A"  through  point  "C"  to  point  "D".    From  point  "D"  trace  to  point  - 

E    through  resistor  R-3  and  up  to  the  cabin  rej.ay  coil.    Energiziixg  It 
will  move  the  contacts  X-1  and  X~2  to  thd"  left. 

5.  Return  to  point  "C"  inside  the  temp  control  box.    Trace  this 
wire  to  pin  "F"  of  connector  tfl  and  follow  it  to  terminal  strip  SZ  pin 
n.    Then  trace  to  pin  "H"  on  the  bulkhead  connector  n  and  to  the 
temperature  control  switch. 

6.  Draw  the  temperature  control  switch  in  the  Auto  position.  From 
the  Auto  position  to  bulkhead  connector  //2,  point  "F",  then  to  terminal 
strip  #2,  point  "7",  and  to  pin  "D"  on  the  temp  control  box  electrical 
connector  #1.    Trace  this  wire  to  X-2  of  the  cabin  relay  and  to  X-2  of 
the  more  heat  reUy,  across  the  contacts  and  then  to  pin  "B"  of  connector 
#1  and  to  pin.  "B"  of  the  t^te^ature  control  valve. 

7.  You  have  now  traded  thfe  automatic  hot  temperature  control  circuit. 
Now  you  will  trace  the  manual  ho A  circuit.    Notice  that  this  circuit  will 
bypass  the  cabin  relay. 

MANUAL  HOT 

1.  Start  et  the  28  V  DC  circuit  breaker.    Follow  the  circuit  to 
the  bulkhead  connector  #2  at  pin  "N".    With  the  master  switch  in  "Ground 
Air  Cond  G.T.C."  trace  through  the  switch  to  bulkhead  connector  #2  to 
pin  "M".    Now  move  to  terminal's  trip  n  to  pin  "1".    Notice  that  there 
are  two  electrical  wires  at  this  point. 

2.  ^'^^ce  the  one  that  goes  to  the  control  box  electrical  connector 
#1  at  F     "C"  and  fro  the  mors  heat  relay  coil.    Energizing  the  more  heat 
relay    ./v    the  contacts  X-1  and  X-2  to  the  left. 


3.  Return  to  point  "A"  inside  the  temp  control  box.    Trace  to  point 
C    inside  the  control  box  and  then  pin  "F"  of  electrical  connector  #1. 

From  pin  "F"  you  trace  to  terminal  strip  el2,  pin  n  and  then  pin  "H"  of 
the  bulkhead  connector;  from  pin  "H"  to  the  temperature  control  switch. 

4.  Now  draw  the  tempr -ature  control  switch  to  nhe  manual  warm 
position.    Trace  the  wire  to  pin  "G"  of  the  bulkhead  connector  and  thert- 
pin  "5"  of  terminal  strip  #2.    Now  trace  from  pin  #5  on  the  tenalnalstxip 
to  pin  "E"  of  electrical  connector  tl.    Follow  this  wire  from  pin  "E"  to 
X-2  of  the  more  heat  relay,  through  the  contart  to  pin  "E"  of  electrical 
connector  #1  and  to  pin  "B"  on  the  temperature  control  valve. 
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a.      From  the  circuit  that  you  have  traced,  what  part  of  the 
circuit  is  comxaon  to  both  automa':ic  and  manual  hot? 


b.  Any  troubles  in  the  circuit  from  the  28V  DC  circuit  breaker 
to  the  maste    switch  and  to  pin  ''C"  of  the  temperature  control  box  would 
affftct  hot  aiid  cold  both.    So  we  can  eliminate  these  circuits  as  possibili- 
ties for  our  trouble.  ^ 

c.  Any  troubles  in  the  circuit  from  auto  position  of  the 
temperature  control  switch  to  X-2  of  the  cabin  relay  would  affegt  the 
system  in  automatic  operation  only,    Aiiy  troubles  in  the  circuit  from 
manual  warm  to  pin  "E'^  at  the  temperature  control  box  would  affect  irianual 
warm  only.    So,  again,  we  can  eliminate  these  circuix:s  as  possibilities, 

d.  dowever  current  has  to  travel  from  X-2  of  the  more  heat 
relay,  through  pin  *'B"  of  the  electrical  connector  '/2,  and  to  pin  "B" 
of  the  temperature  control  valve  for  both  auto  and  manual  hot.  Now 
troubleshoot  to  determine  exactly  where  our  problem  is. 

e.  Set  the  PS^-37  to  28V  DC,    Place  the  master  switch  ^  the 
"Ground  Air  Cond  G.T.C."  position  and  the  temperature  control  switch'^o 
automatic.    Rotate  the  temperature  selector  to  warm.    Disconnect  the 
electrical  connector  at  th3  temperature  control  valve. 

f .  Place  the  black  lead  on  the  PSM-37  to  ground  and  the  red 
lead  to  pin  "B**  of  the  electrical  connector.    You  should  read  28V  DC. 
However,  ycu  will  notice  that  there  is  not  voltage  at  this  point. 

g.  Leaving  the  electrical  connector  disconnected,  remove 
connector  itl  from  the  control  box*    Looking  at  your  wiring  diagram, 
notice  that  when  the  connector  is  removed,  the  voltage  is  lost,  This 
is  because  it  goes  in  pin  "C"  of  the  control  box  and  comes  out  at  pin 
*'B"  on  the  control  box.    Due  to  the  loss  of  voltage  it  means  we  x^il  have 
to  sat  the  PSK-37  on  OHMS. 

h.  After  you  set  the  meter  on  OHKS,  place  one  lead  in  pin  "B'' 
of  the  temperature  control  valve  connector  and  the  other  lead  in  pin  '^B'* 
of  the  electrical  connector  #1.    You  should  read  continuity,  but  you  will 
notice  that  the  meter  reads  infinity.    This  reading  indicates  an  open 
between  these  two  points.    Looking  at  your  wiring  diagram  you  will  see 
that  auto  and  manual  must  come  through  this  wire  to  make  the  temperature 
control  valve  opevate.    Place  this  statement  in  the  cause  block, 

Open  Wire  H212A20 

Note:    If  you  are  on  the  flight  deck  air  conditioning  systen,  place 
trouble  switch  HO  out  and  move  on  to  trouble  #1. 

If  you  are  on  the  cargo  compartnient  air  conditioning  system,  place 
trouble  switch  ^^1  out  and  move  on  to  trouble  i/2. 

N'ote:    When  troubleshooting  the  temperature  control  system  and  either 
a  connector  H  or       is  removed,  this  disconnects  the  power  going  to 
the  temperature^  control  box.    To  continue  troubleshooting  the  system 
the  mclcLaetar  must  be  placed  to  rhe  OHMS  position. 
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Troubleshooting  Response  Sheet 


TROUBLE 
|SWITCH 
;  NUMBER 

1 

Discrepancy 

Cause 

1 

2 

!                         ■  ' 

• 

j  3 

!  4 

j  

>  5 

i 

— ,  . —  .  

— - —  '   — 

1 

1 

!  ^ 

{ 

1 

1 
1 

i  7 

i 

8 

9 

! 

i 

'WH£r  COMPLETED,  KEPOPT  TO  TME  INSTRUCTOR 

Ir  -ructor'3  signatu*:e  showing  satisfacory  completion  of  this  objective. 
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